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The Bulletin of the International Rail- 
way Congress Association for January 1929 
published a paper on triplespan rein- 
forced conerete bridges carried on four 
columns rigidly held at their bases, 
written by Messrs. F. Berger, Chief Engi- 
neer of the Belgian National Railway 
Company, and P. Van Weyenberghe, Agri- 
cultural Hydraulics Engineer. 

This system being 9 times hyperstatic, 
there are in consequence 9 redundant 
stresses to be determined. The calcula- 
tion, which was made with quite remark- 
able patience, leads to the solution of the 


_9 unknowns, and represents an exceed- 
ingly long piece of work despite the 


symmetry of the structure in question. 


It is very probable that if the structure 
had not been symmetrical, the calculation 
would have led to the solution of a system 
of 9 equations, a formidable piece of 
work which would increase considerably 
the risk of errors. It is of interest, there- 
fore, to find methods for reducing the 
number of the equations. 

Basing our arguments on the equations 
of elasticity of Maxwell and Muller- 
Breslau, to be found in the excellent 
work by Miller-Breslau : Neuere Methode 
der Festigkeitslehre and which we have 
developed and made use of on various 
occasions in the Génie Civil, the Tech- 
nique des Travaux and the Schweizerische 
Bauzeitung (?), we arrive at calculations 


(1) Translated from the French. 
(?) Vide, in this connection : 


1. The Génie Civil for 11 February 1922: Calcul des poutres a treillis double avec membrures paralléles 
et montants verticaux 4 tous les neeuds d’attache. (The calculation of double lattice girders with 
parallel flanges and vertical struts at all the joints) ; 

2. The Génie Civil for 6 January 1923: La poutre a treillis 4 membrures paralléles calculée comme 
systéme élastique (The lattice girder with parallel flanges calculated as an elastic system) ; 

3. The Technique des Travaux for March 1928 Etude sur le calcul ces systémes hyperstatiques 
(Study on the calculation of hyperstatic systems) ; 

4, The Schweizerische Bauzeitung for 25 December 1926 : Nouveau calcul de l’are a tirant fvisant 
partie du tablier. (New calculation of the arched girder with tie member forming part of the bridge). 


comprising not more than three equations. 
The n redundant stresses X,, X°, Xe... 
X,, of a system which is n times hypersta- 


i 


tic, stressed by loads P,, ‘Po. Pz ... Pm 
may be represented by the well-known 
equations : 


Xa6 1a =e Nadav + Neo ae orsee Kn0ar = 1 Daierar 


Xone aa X6e5 — X.bpe ae 


sates Xndon ne LP mond 


ons het iS Pee STS 
XaGria + Xodnb + XcOne + -..- XnOnn = UPmomn 


~ 


The values 6 represent the displace- 
ments. For example, d,, is the displace- 
ment of the point of application of the 
stress X, in the direction of X, and due 
to X, =—1. According to Maxwell, it is 
als): Oman = Onms ; 

{ustead of applying our equations to the 
9 redundant stresses of a principal iso- 
static system, we can apply them equally 
well io a principal system already m 
times hyperstatic, such that the number 
of redundant stresses will nof be greater 
than 9 — m. 

Naturally, the principal hyperstatic 
system will have to be easy to calculate, 
otherwise we run the risk of making the 
work complicated. Now the doubly fixed 
gantry, even if unsymmetrical offers no 
difficulty at all. If it is symmetrical we can 
at once write down the stresses for what- 
ever load according to the usual equations. 

That being so. we select as principal 
system the two lateral openings to which 
we shall apply, as redundant stresses, the 
moments X,, X, and the normal stress H, 
of the central girder. 

In order to make the equations more 
uniform, we shall. not select H, as an 
unknown but a moment : 


He « ha= Xe ef eet arate) 


Putting : ZP,8na = Goa, UPrSmp = don 
etc., we obtain for our three equations : 


Xadaa =e Xp6w =- Keone cae na 
Xu6ba + Xodo0 =e X Bbe = Sob (3) 
XiOra = Xpbep ae X.8c¢ = Ove 


These three equations enable us to cal- 
culate X,, X,, and X,, for any condition 
of load. If itis a question of ascertaining 
the effect of the supports being out of 
level, or of variations in temperature, it 
is merely necessary to introduce other 
terms for Soa, 8» aNd Sve (4). 

In accordance with the calculation of 
determinants, we write: 


Xa TE Ondood ae Aq40ob ae CacOoc 
xX, = Abadoa =e OLbbOob = O4eDoe (4) 
X, = OeaOva 4 A-bOob ap he Boe 


with: : 
Oa t Gab One 


A= On Sop Obe a es (5) 
Bca Bb dec 
and 
Opp Bbc 
A ° Can = 5 S 
cb Oce 
A a. Bab Ouc 
Bet ae oat oil ae etc. 
: Och Sco 


The coefficients a2, %»... will therefore 
be calculated once and for all for the sys- 


(1) Vide in this connection: The Génie Civil for 
30 June, 1923: « Calcul de lare parabolique a rotu- 
les, continu sur deux ouvertures ». (Calculation of 
the continuous pivoted parabolic arch on two 
openings). 


me 


tem and will be independent of the loads. 
This constitutes the enormous advantage 
of the present method over that of Castig- 
liano, which necessitates a fresh start 
being made with the calculation for each 
fresh case of loading. 

Owing to the symmetry we can push 
the transformations of the equations stil] 
further so as to obtain finally two systems, 
one of which has two equations and the 


7 
4 
w/] 
Fig. 2. 
- The state of load X, = — 1 is shown 
in figure 2. The moment X, = — 1, 


applied at the point C, will produce in 
the gantry moments M{, M3, Mé and M$. 
According to the well-known formule 
we write for the different deformations 
shown in figure 3 : 
oe (6) 
El,64 a iG = 


other has only one. ‘The calculation of 
determinants of the third order being 
easy, especially with the use of a calculat- 
ing machine, we will retain our equations - 
(3), remarking in passing that the deter- 
minants of the second order of the form 
a.b—c.d. are rapidly obtained, since, if 
we manipulate the machine so as to obtain 
a. b. and then in the opposite way for e¢. d., 
we obtain a. b—c. d. 


Fig. 3. 


All the deformations are multiplied by 
the same coefficient, for example El,. 
We shall therefore have 


l | 
EI, 8a = 7 ; rie 
and with : 
ly L, 
(t= es a if! 
7) 5 B ( ) 
4 
EL,3. = 


DS) ee 


whence, with : 
aa = Oa + Bu 


i I = 
EI, Gaa aae (Mg + 2M¢) + ae 8) 


The points B and C will therefore be 
displaced the same distance v, to the 


right. We find that : 
h? 
El joy = G (2Mx ++ Ms) 
and with : 
Ng Ay 
is i 5 => $9 a. oa oie (9) 


El,v, = a - gy (2M% + MS) 


We shall have : 
4 


1- Sac = 5 : Va 
ED > Occ = Les ne oy (2MZ-+- Mg) (10) 
ha 6 7 7. S 
and : 
ah = Ya 
EL Sait 
20ab = p 


6 


> l, 
El,6a) = is ; (11) 
Owing to the symmetry of the system, 
we find that : 
Oop = Gan 
Bre — Sac 


The horizontal live loads Hy = = ac- 
~ Na 


cording to formula(2) applied at the points 
€ and G of the two ganitries, owing to 

¢ = —4, will produce in the points A. B, 
C, Dand E. F, G, H, moments Mg = Mé, 
Ms = Ms, M6 = Mg and Mg = M¢ which 
will deform the gantries somewhat after 
the fashion shown in figure 3. Assuming 
by analogy «,, 8B. y, and v, the values 


a, 8, y and v resulting from X, = — 1°, 
we write: 
Cf 10s One 6. = Ye = 0 
Dy, 
Ale hake Bec 
and 


EL,Baq = ElSen = 2 (Ms + 2M8) (14) 
9 
Eig atte (aM; 4+-Me).. UB) 


If the system was not symmetrical we 
should be obliged to calculate 65, and 55 
by means of the deformations of the 
right-hand gantry. 

In what follows, an indication will be 
given of the calculation of the doubly- 
fixed gantry (fig. 4). We introduce as 
redundant stresses the right-hand and 
left-hand moments X, and X, of the girder 
and : 


7 ho ei ote eee 


(16) 


H being the normal stress in the girder. 
We put : 


= 


Ng +h 
ipa e= ” : 
iy th oe ole PO i 
l, ; ly a Po, ly ; Ja oe 


and operate with the deformations mul- 
tiplied by El,. Therstate of load X,— —1 
is to be seen in figure 5. The surface of 
the moments isa rectangle of the height 1 
for the left-hand upright and a triangle 
of the same height for the girder. For 
the right-hand upright it is zero. The 
deformations are easily calculated. They | 
can be indicated at once, the surfaces 
of the moments being of regular shape. 
We have : 


l 
Ely, = ra 
l 


El, * Oy = ,Qy eke: (18) 
El,u, = "22 .. (19) 
: . > 1 
B14 =, + Bi, Si2 = Yar O13 = Rot 
ELS,, at 1+ 3q,) 
L 
El,642 mr ' (20) 
Lah 
El,oi3 = 5 ; s eg | 
By analogy we obtain : 
bobant) 
E1520 = (l + 8q@u) 
= 
E],624 ae (21) 
= ite 
El,b25 = 5 : iy * QD, 
For X3 = — 1 we shall have to apply 


; 4 
two horizontal forces equal to a at the 


top ends of the uprights. The surfaces 


Fig. 5. 


of the moments will be triangles having 
the height — and — 74 for the up- 
The surface for “as girder will 


rights. 
We assume a3. $3, y3 and ws; 


be zera. 


sit ake 


to be the deformations due to X; = — 4 Our three unknowns X,, Xo, and X; are 
and put: : submitted to three equations similar to 
El,y3 = EJ,63 = 0. those indicated under (4). We find : 
hy Mb 
El,ag=2-~-@,... (22) v 
; rel ug Xy = 444901 + 212502 ++ %13803 
El, - uy=hy - : : 2 - @y (23) Xz = a245y1 + o22002 + a23803 ? (25) 
pane ze X3 = 031801 + 232592 + 233903 
be x h h 
El,63, = El,6y5 =5 . i * Dy with ; 
ee S iy ID O44 S42 O43 
E] 0 == EI = . =a . > > 2 
eS ee oe Kap bebe dani eee 
Ly [hz h 534 032 6 
Eliess = g\a3 > Oy +73: Pa 34 932 933 
A + a4 = 822 + 833 — 8535 A a2 = 844833 — dfs 
A + a42 = — (642633 — 623 > G31); A - a3 =—(841823 — 842643) (27) 
A + a3 = 612623 — 829945; A + a33 = 94 s022—Oie 
and writing : 
ha ha 
= So SEND stata eee eat ee ee 28 
, jpeg Re) es ee 
l ‘ l L 
3 (1 + 3Qy) 3 . UyPg 
A= A 24 3 : 29 
zs 6 3 (1 + 3@x) 3 Pa (29) 
l l l 
gts * Py gt ba ZF (%- ++ Ga) 


Our first piece of work will consist in 
calculating the determinant A, numerically 
of course. The calculation is effected three 
times, the columns being reversed to 
eliminate errors in caleulation, and the 
determinants of the second order of the 
formule (27) being found in passing. All 
the terms of A are of the first power for J,. 
It would not have been so if we had 
chosen X, = H instead of X3 = H. ho. 
We should have found terms containing hy 
and hq to the first and second power, 
which would have made the terms vary 
considerably among themselves and would 
have increased the magnitude of the cal- 
culation. 


Once the coefficients a4, a2... have 
been obtained, X,, X. and Xz are cal- 
culated according to the formula (25). 
Let us assum that it isa question of finding 
the influence of a load P stressing the 
girder at the distance X from the point B. 
The deflection of the girder at this spot as 
a result of X, = — 1 will be equal 
to 69,. This deformation will result from 
a triangular surface of moment (fig. 5). 
It will be the same for 6o2 with this differ- 
ence only that the point of the right- 
angled triangle will be on the left hand 
side instead of on the right hand side, 
and 603 will be zero, the girder not being 
submitted to any bending due to Xz = 


=2p | 


— 1. Formule are to be found for the 
deformations of girders for different sur- 
faces of moment (rectangle, triangle, 
parabola, etc.) in almost any text book. 
Employing the terms selected by Miiller- 
Breslau, we put : 


This calculation is rapidly effected with 
the aid of tables for the values w, and wy. 
[t will be shown in what follows how 
to proceed in order to find the moments of 
the frame due to a moment M = — 1, 
applied as shown in figure 2 (condition 


bi t Xe ns '), 
roc Peo ; According to figure 5 and by analogy 
P (+ (80) with formule (18) and (19), we have: 
El, do2 ao Pe Op 
with . Ely + 01 = 0 
-3 El e d 3 —/ Qa 
Le x lt 1 0 : (33) 
Miao ! Blgceaiaa it 
> (i) 1+ d= — FM + Da 
eS ae 2 
W®rp == I = a 
ence ; : These values furnish us with X,, X, 
pe and X; according to formule (25), We 
> pees G (eu ° Wp + aor) (32) have: 
M¢ > X15 M¢ = X35 
ee er nears ot Bam (34) 


As has already been emphasised, our 
method of calculation may be applied to 
any triple-span bridge, whether symme- 
trical or otherwise. There is only one 
step therefore from this calculation to 


ders rigidly fixed at the two ends. This 
system can be calculated by means of 
6 groups of equations having 3 unknowns. 
There are, therefore, only 13 redundant 
stresses to calculate. X, — — 1 will 
deform the gantry of the fifth opening 


dy r—3 = dy r-4 = oe 


.- 3b, r+-3 = O44 = 0, r—m = oy rim > 0 


that of a bridge with numerous spans. 
In figure 6 is represented a bridge having 
44 openings which is 33 times hyperstatic. 

We select a principal system composed 
of 6 gantries connected together by gir- 


z: f+3 git eRe 
eae a 


and the girder of the sixth, to which are 
applied the stresses X,—» to X,+ 2, 
i.e 5 altogether. Real values will be 
found therefore for the deformations 
Srr — 2 10 Orr 4 While for the others 
there will be : 


OE Tees 


The r equation will only contain the- 
refore 5 unknowns, 

X, 4 4 being the normal stress for the 
girder for the sixth opening, X, + , = —14 


Ort rs = Opp ra = 
Ort rts = Ort ris = 


The r + 41" equation will only con- 
tain therefore 7 unknowns. 

In fine, we shall have reduced a system 
of 33 equations to one of 15, 5 of which 
having 7 unknowns, while the 10 others 
do not contain more than 5, and that 
without making any restrictions as to the 
moments of inertia of the different parts, 
although the system may be quite unsym- 
metrical. 


will deform in addition to this girder the 
gantries of the fifth and seventh openings, 
to which are applied the stresses X,-— 2 
to X, 44. For this case we shall have : 


eneke d-+1 rm = 0 | 
pie dri ram =O 4 si antsy «ao ano eie ees 

In actual practice, such a system would 
never be carried out owing to the unfavou- 
rable influence of expansion. We have, 
however, considered it important to show 
that the calculation is quite practicable, 
even for a large number of openings. 
The effect of temperature is, moreover, 
fairly large even for a triple-span girder. 
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REPORT No. 1 


(Belgium, France, Italy, Portugal, Spain and their Colonies) 


ON THE QUESTION OF RECENT IMPROVEMENTS IN PERMANENT WAY 
TOOLS AND IN THE SCIENTIFIC ORGANISATION OF MAINTENANCE 
WORK (SUBJECT IV FOR DISCUSSION AT THE ELEVENTH SESSION OF 
THE INTERNATIONAL RAILWAY CONGRESS ASSOCIATION) (*), 


By D. MENDIZABAL, 


Assistant Chief Engineer for Permanent Way and Works, 
(Madrid to Saragossa and to Alicante Kailways. 


Figs. 1 to 16, pp. 4 to 35. 


INTRODUCTION 


First of all we wish to express our 
regret and disappointment that a large 
number of the Administrations consulted 
have neither replied nor sent the infor- 
mation called for by our questionnaire. 

The result is that in view of the impor- 
tance of some of this information, the 
report we are asked to make will be in- 
complete and not as well authenticated as 
we could wish. 

Out of 86 administrations consulted 
36 only have replied, or say 42 %. By 
_ basing the replies and abstentions on ki- 
lometres, we find that since the 86 ad- 
ministrations consulted cover 113 064 km. 
and that those who replied represent 
93 080, we get a percentage of 82.32. - 

The classification by country of the 
administrations who have replied is as 
follows : 


Portugal. — Of 5 administrations con- 
sulted only one, with 1379 km. of line 


replied. The railway system of the coun- 
try containing 3939 km., we find that 
valued kilometrically, this reply repre- 
sents 35 %. 


Italy. — Of 24 administrations con- 
sulted, one only replied, or say 4.8 %. 
But this having a system of 16493 km. 
out of 20 165 km. over the whole country, - 
the result obtained represents a kilome- 
tric percentage of 84. 


Belgium. — Out. of 10 administrations 
consulted, 5 only replied or 50 %, but 
kilometrically this is equal to 96 %, since 
out of an aggregate of 14 004 km.,. those 
who have replied represent 10500 km. 


Spain. — 10 administrations consulted, 
6 replies, equals 60 %. Kilometrically, 
this represents 90 %, as the 6 adminis- 
trations who have replied account for 
9773 km. out of a total of 10955 for the 
10 consulted. 


(1) Translated from the French, 
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France. — Of 40 administrations con- 
sulted, covering 67 001 km., 24 represent- 
ing 56031 km. replied, 7. e. the replies 
equal 60 % numerically and 83.63 % ki- 
lometrically. 

However, the foregoing must not be 
taken as strictly correct, since some of 
the replies received gave no information, 
but simply stated that they could not 
furnish useful data. There were 5 of 
these, one Belgian, one Spanish, and three 
French. Consequently, the sources of 
information reduced to 34 administra- 
tions represent only 92 147 km. or 84.5 % 
of the kilometric extent represented by 
the administrations we consulted. 

We have collated in a condensed form 
the replies of the administrations and 
followed them with concise comments on 
the data supplied in the order of each of 
the subjects comprised in the question- 
naire reproduced below; and in tables 
1 to 5 we have concentrated by nationality 
all the data supplied by these adminis- 
trations. 


Belgian administrations. 


Table 1 gives the chief characteristics 
of the replies of the Belgian administra- 
tions to the different clauses of the ques- 
tionnaire in so easy and comprehensible 
a form that the conclusions may be scen 
at a glance. 

_ We will now review, point by point, 
and question by question, all the replies 
received. 


FIRST PART. 


Recent improvement in the mechanical 
appliances for maintenance of the perma- 
nent way. 


Question 1. — Have you introduced or 
improved of late years the mechanical 


appliances for maintaining the perma- 
nent way; and if so, how long ago is it 
since you adonted them ? 


Do you employ mechanical appliances 
for the following operations : 


a) Preparation of the roadbed; 

b) Loading, transporting and unload- 
ing ballast; 

c) Loading and unloading rails and 
sleepers; 

d) Spreading and packing the ballast; 

e) Unloading and placing in position 
fully assembled lengths of track; 

{) Transport of materials over the 
road; 

g) Drilling and adzing the sleepers; 

h) Setting the sleepers; 

i) Laying the rails; 

j) Driving the coach screws of chairs 
or sole-plates into the sleepers; 

k) Screwing up the bolts in the joints 
or other parts of the track; 

1) Levelling the ballast; 

m) Aligning, levelling and packing the 
track; 

n) Weeding and cleaning the ballast 
either over the whole width, or only 
beyond the sleepers; 

0) Straightening, cutting and drilling 
rats; 

p) Do you utilise special vehicles for 
carrying permanent way material ? 

q) For what other purpose ? 


As regards the different operations _ 
which constitute the maintenance of per- . 
manent way and which are listed in the 
questionnaire, the Belgian National Rail- 
way Company has adopted since 1896 me- 
chanical means on some lines for handling 
the rails (c), transport of material along 
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the road (f), for driving the screws (g), 
tightening up the bolts (g), cutting and 
drilling the rails (0). The Congo Railway 
Company has used tipping wagons, or 
wagons with drop bottom doors and drop 
sides for transporting soil or ballast. 

In the first place it may be noted that 
these mechanical methods are only used 
in a few instances, whereas they might be 
applied in a very interesting manner to 
the other operations mentioned in the 
questionnaire. It is desirable that they 
should be adopted, or at least tried in 
the future, and as soon as possible. 

The results obtained have been satis- 
factory; in fact they could not be other- 
wise, and the first result to which one 
aspires in every modern industry has 
been the diminution (the suppression be- 
ing impossible) of manual labour, which 
is always costly, and is frequently accom- 
panied by disputes and difficulties due 
to the many social questions which arise. 

Let us now examine in detail each of 
these applications. 


Question 2.— If using such equipment, 
please describe those in use, explained 
by designs, drawings, or photographs, and 
any other facts which you consider useful 
for a perfect understanding. 


Question 3. —- Please state purchase 
' price, cost of installation,and running ex- 
penses. 


Question 4. — What are the economic 
advantages resulting from the use of these 
appliances, taking into account wages, 
auxiliary tools, lubricating oils and 
grease, interest and sinking fund for cost 
of apparatus, etc.? 

How many men are necessary to work 
the apparatus ? 


Question 5. — Please state the mini- 
mum length of road after which the use 


of mechanical appliances would be of 
value or effect economies. 


Question 6. — If the economical ad- 
vantages are few, what are the other ad- 
vantages which have led to the introduc- 
tion of this equipment, for instance, the 
time required to carry out the operations 
by one or the other method under aver- 
age or normal conditions ? 


Question 7. —- When using such ap- 
pliances on the line, what is the source 
of power utilised ? 

Can tt be used while the road in ques- 
tion is in service ? 

Ts it transportable without blocking the 
traffic ? 

What radius of action has it without 
shifting the source of power ? 


Figure 1 shows the apparatus employed 
for handling the rails, particularly for 
loading the supplies on the wagons. 

It enables the carrying out of certain 
operations with 6 rails at a time, without 
employing mechanical power. 

Its cost is not high, 10000 Belgian 
frances, nor the working cost per day, 
140 Belgian francs. As indicated, it 
shows a saving of 50 % over manual 
work. The number of workmen is re- 
duced to four, and its use is justified 
when rails are to be handled for renewing 
or relaying 5 km. (3.4 miles) of line. 

For driving the screw bolts, the use of 
electric sets fitted with apparatus for 
driving and tightening them is strongly 
recommended. Each equipment is com- 
posed of the set described and of two 
tools, also like those indicated. This 
equipment represents an outlay of 70 000 
Belgian franes and a saving of 53 % by 
employing only two men instead of 
about 30. 


IV—4 
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The use of such an arrangement is re- 
commended for work over not less than 
10 km. (6.2 miles) of line. 


The use of special spanners of the Robel 
type (fig. 2) is also recommended for 
inserting and tightening up fishplate 
bolts. This apparatus is. well known, 
cheap — only costing 45 Gold-marks — 
and shows a saving of 50 %. It is worked 
by one man. Its use is to be recommend- 
ed, and it is suitable for any length of 
track laid. 

Finally, without specifying any type, 
the use is recommended of apparatus for 
cutting and drilling the rails, and espe- 
cially for drilling in point layouts within 
stations, which often require rails of spe- 
cial length to be prepared. 

This method of drilling the ends ef- 
fects a saving of 80 %. 


For transporting material along the* 


track the Belgian National Railway Com- 
pany considers trolleys very useful in re- 
pair work, and also trains of tip wagons 
which are run over the line as ordinary 
trains. 

The first cost is 50000 Belgian francs 
for the trolley, and 8 000 fr. for each tip 
wagon. 


The average cost of transport per ton 
over a distance of 5 km. (which is the 
minimum distance for which this method 
would be useful) is 2.44 fr. and shows 
the very appreciable saving of 30 %, to 
say nothing of the saving of time and re- 
duction in accidents. 

The Congo Railway Company which 
uses for the transport of stone ballast 
side tipping wagons or double bottom 
door wagons with drop sides, does not 
give any details of the saving effected by 
their use; but it is safe to assume it will 
be similar, 2. e. from 30 % to 50 %o ‘over 
manual labour only. 
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Commenting on this first part, we 
would say that the references are very 
few and the experiences too recent for 
this report to be regarded as conclusive. 


SECOND PART. 


Scientific organisation of permanent 
way maintenance. 


Question 1. — What is the organisa- 
tion for the maintenance of the perma- 
nent way on your system ? 


A. As regards staff :. 


a) Evenly distributed over the lines; 

b) Concentrated in specially selected 
areas; 

c) Staff specially engaged in the main- 
tenance of signalling works, tunnels, 
bridges, etc. 


B. Inspection and protection of the 
road : 


At special works, tunnels, bridyes, 
ele.; 

b) Level crossings; 

c) Over the whole stretch of line. 


The three Belgian administrations who 
have replied have their maintenance staff 
divided up into gangs, uniformly distri- 
buted along the lines. — 

Only the first, the Belgian National 
Railway Company has, in addition, inde- 
pendent gangs in the stations and keeps 
a specialised staff for signal mainten- 
ance. It has not, like the -two others, any 
particular «staff for special. works, ‘such 
as tunnels, bridges, etc. 
~ As will be seen, the principle: of ‘uni- 
formity of distribution of the staff pre- 
dominates, centring in important stations 
in the case of those administrations who 


Fig. 2. — Robel spanner for fishplate bolts. 


have a large number of big and impor 
tant stations. 


Question 2. — Have you made any in- 
novations during recent years looking to- 
wards economy in maintenance of the 
permanent way ? 


The first-named administration consi- 
ders useful (or desirable) the adoption 
of integral or partial renewal, having 
given up maintenance by making good 
defects found by walking over the Tine. 


Question 3. — What is the latest equip- 
ment of your chief roads; weight and 
length of rails; type of joints; number 
and kind of sleepers; method of fixing 


the rails to the sleepers; quality-of bal- - ~ 


last ? 


No special comment is necessary, the 
replies being given in the table. 


Question 4. —- What is the average 
length of road maintained by a gang on 
the main lines? How many men are there’ 
in a gang, including the foreman, and as 
the case may be, the assistant foreman ? 


The gangs are organised for the main- 
tenance of 4 to 6 km. (2.5 to 3.7 miles) 
of double or 7 to 8 km. (4.3 to 5 miles) 
of single track, each workman having 
2 km. (1.2 miles) to look after. They 
consist usually of 4 to 6 men. In special. 
cases, such as at big stations, there may 
be 40. 

On the Belgian Light Railway Compa— 
ny’s lines, where the speed of the trains- 


1V—7 


is low, each man looks after 3 km. (4.9 
miles) and the gangs consist of 4 to 5 men 
plus the foreman. 


Question 5. — Do you use formule 
(or tables) to determine the number of 
men required for the maintenance of a 
certain length of road (single track or 
several tracks)? If so, what are these 
formule ? 

How do you show in these formule the 
length of sidings and the number of 
points, equal to a certain length of main 
tine ? 


Only the Belgian National Railway 
Company uses tabulated formule as ready 
reckoners for determining the make-up 
of gangs, taking into consideration the 
following circumstances, in order to fix 
the number according to the number of 
trains : 


Junctions ; 
Points; 
Crossovers ; 
Cuttings ; 

Radii (curves) ; 
Gradients ; 
Tunnels, etc. 


This system may be very scientific and 
convenient; but in reality it may give rise 
to many complications. 


Question 6. — Is the number of men 
in a gang the same for winter and sum- 
mer; or are your gangs made up of a 
minimum number of men, employees of 
the Company, and added to in the sum- 
mer by temporary hands ? 


(Considering the length of the winter 
and the difficulty of keeping the gangs 
fully employed, it is as well to reduce 
to the minimum the size of the regular 
gangs, and augment it during the sum- 
mer. 


We consider the system rather dan- 
gerous, as it is precisely during the win- 
ter that the line requires the most ca- 
reful watching, with more regular main- 
tenance. 


QuEstion 7. — What other work have 
the gangs to do, like cleaning out ditches, 
cutting hedges, etc.; or is this work con- 
tracted out ? 


The answer is in the affirmative. 


Question 8. — For permanent way 
maintenance, is your system maintained 
by doing work found necessary by in- 
spection or by general periodical relay- 
ing? If the latter, what is the interval 
between general renewals ? 


Both systems are employed. General 
renewal by the first two administrations; 
in the second, constant supervision and 
repair is maintained both summer and 
winter : this latter system is applied by 
the last of the administrations. 


Question 9. — In the case of mainten- 
ance by general renewal, is it carried out 
by the ordinary gangs, or by special gangs 
relaying the whole of the line ? 

Gangs are augmented in summer by 
the first administration and normal in 
summer in the two latter. 


Question 10. — What technical pro- 
cesses are employed for : 

a) The preparation of material before 
using; 

b) Care of material in service, stating 
average life of different materials; 

c) Slewing the track; 

d) Packing and aligning; ; 

e) Cleaning and weeding the ballast. 


Attention is chiefly given to the sleep- 
ers, which are impregnated and dressed 
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before laying, whenever the kind of wood 
justifies it; and holes from which screws 
have been withdrawn are filled with a 
tarred plug of very hard wood. 

It will be very interesting to learn 
what the first of these administrations 
will decide to do to close up the cracks 
which occur in all hard wood sleepers, 
whether by means of bolis put through 
from side to side, or by bands. We con- 
sider this method the most suitable, even 
if costly. 


Question 11. — Do you carry out cer- 
tain work under contract by your own 


staff, or do you offer a bonus for com-_ 


pletion within a ceriain fixed period ? 

If so, what is the bonus, calculated on 
the wages of the men? 

How is the work checkedin such cases? 

Does not this method of doing work 
under contract or for a bonus have a bad 
effect on the quality of the work done ? 
What is the cost per year per kilometre 
of single track ? 


For the reasons suggested it is feared 
that work under such conditions is unsa- 
lisfactory; and it is for that reason alone 
that bonuses have not been established 
for permanent way maintenance. 


Question 12. — What are the working 
hours of ordinary platelayers, etc.2 Are 
they fixed by law? If so, is any distinc- 
tion made between ordinary, extraordin- 
ary or urgent work? 


Question 18. — If working hours are 
regulated, do they count from the time 
when the workman arrives at the place 
where the work should begin, or from 
the moment when he reaches the railway 
company’s property at the point nearest 
to his home ? 


An eight-hour day is observed, count- 


ing from the moment of arrival at the 


-actual spot. 


Question 14. — Do you use auto cars 
to take men to their work ? Under what 
conditions do they run ? 


The Belgian National Railway Com- 
pany uses trolleys, which run like trains, 
to take men to their work. 


Question 15. — Are artisans (carpen- 
ters, painters, masons, etc.) and signal 
and telegraph men provided with means 
of transport, either bicycles or motors ? 
If the first, do the bicycles belong to the 
Railway Company or to the employees 
who receive an allowance for their up- 
keep ? 

This administration does not provide 
either bicycles or motors, exception being 
made in the case of certain electricians 
who have to cover long distances; but in 
lieu allows the workmen to use their own 
bicycles or motors. 


Question 16. — What measures are 
taken to increase the life of materials ac- 
cording to the importance of the traffic? 


See remarks on question 10. 


Question 17. — Graphs of the progress 
of all the works mentioned, showing their 
results from the point of view of econ- 
omy. 


1. Have you determined and fixed by 
graphs from. eaact observation of the 
work done on your lines the normal per- 
tod, standardised, requisite for each par 
tial operation, as well as for all heavy 
work to be done on the track, e. q. 


A. — For handling material, as : 


a) Loading or unloading per ton of 
rails; 
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b) Loading or unloading per cubic 
metre of ballast, etc. 


B. — Maintenance work, properly so 
called, as : 

a) Renewing of rails per metre; 

b) Packing per sleeper, with different 
kinds of ballast; 

c) Aligning per metre of road, in plan 
ond in elevation; 


d) Renewing a sieeper in the track (in . 


a station) ; 
e) Renewing ballast, per cubic metre; 
f) Weeding track, per metre of road; 
g) General inspection of track, per 
metre; 
h) Renewing track, etc., per metre. 


2. How have you kept account, in deter- 
mining the standirdised normal oper- 
ations, of loss of time due to traffic or 
any other cause ? 


Negative reply. This is very regret- 
table, as we consider it very desirable to 
record the results on graphs, which are 
always very conclusive. 


Question 18. — Technical education of 
men entrusted with the direction and 
carrying out of these works. 

Method of selection. 

Are they required to have an official 
professional degree ? 

Does the administration give facilities 
for the education of this staff ? } 

If so, give details about the organisa- 
tion of the schools. 


Generally, the custom is to leave the 
choice of workmen free, but to have re- 
course to examination and competition 
for foremen of gangs or districts. 

The reply of the Belgian National Light 
Railway Company is very definite as re- 


gards the appointment of these two 
classes of officials, for not only is their 
technical capacity taken into considera- 
tion, but also their ability to handle men. 
None of these administrations possesses 
training schools for these officials. 


Review of the previous remarks. 


4. Mechanical methods are not very 
general for maintaining permanent way, 
and the details given are recent, and 
apply to trials over a short period. In 
view of these circumstances, and not- 
withstanding the methodical certainty of 
the results given, they cannot be consider- 
ed as definite. 


®. The organisation of gangs and their 
uniform distribution down the line is 
common to all administrations. It is 
only ,modified by the Belgian National 
Railway Company which, in the impor- 
tant stations, maintains larger and inde- 
pendent gangs. 

On some sections of the line the com- 
position of the standard gang is altered 
as a function of various factors according 
to different constants. 


3. The composition of the gangs varies 
according to the administration, but they 
are usually s6“fermed that each man has 
to look after 2 km. (4.2 miles) of single 
track, though some administrations make 
it 3 km. (19 miles). aes: 

4. It is as well to reduce the gangs in 
the winter and strengthen them in the 
summer. 

5. The method of relaying in sections 
predominates over that of maintenance as 
found necessary. 

6. No facts are given regarding the an- 
nual cost of maintenance per kilometre of 
road. 
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7. The usual working day is eight 
hours — from time of reaching to time 
of leaving the actual work. 


8. The conveyance of workmen to the 
job by trolleys treated as trains as regards 
operating is beginning to ‘be looked into. 

9. Technical instruction has not yet 


been directly provided by the administra- 
tions. 


Spanish administrations. 
Table 2 summarises the replies of the 
Spanish administrations. All, with com- 


plete uniformity, relate to similar prin- 
ciples and systems. Consequently, their 


study and the commentary thereon are © 


easy and rapid; and we have followed a 
similar system to that employed for stu- 
dying the replies of the Belgian adminis- 
trations. 


FIRST PART. 


Recent improvement in the mechsnical 
appliances for maintenance of the 
permanent way. 


Question 1. — Have you introduced or 
improved of late years the mechanical ap- 
pliances for maintaining the permanent 
way; and if so, how long ago is it since 
you adopted them ? 

Do you employ mechanical appliances 
for the following operations : 


‘a) Preparation of the roadbed; — 

b) Loading, transporting and unload- 
ing ballast; 

c) Loading and unloading rails and 
sleepers ; 

d) Spreading and packing the ballast; 

e) Unloading and placing in position 
fully assembled lengths of track; 

.f) Transport of materials . over the 
road; 
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g) Drilling and adzing the sleepers; 
_h) Setting the sleepers; 

i) Laying the rails; 

j) Driving the coach screws of chairs 
or sole-plates into the sleepers; 

k) Screwing up the bolts in the JOE 
or other parts of the track; 

1) Levelling the ballast; 

m) Aligning, levelling and packing the 
track; 

n) Weeding and cleaning the ballast 
either over the whole width, or only 
beyond the sleepers; 

0) Straightening, 
rails; 

p) Do you utilise special vehicles for 
carrying permanent way material ? 

q) For what other purpose ? 


cutting and drilling 


QuEsTIONn 2.— If using such equipments, 
please describe those in use, explained by 
designs, drawings, or photographs, and 
any other facts which you consider useful 
for a perfect understanding. 


Question 3. — Please state purchase 
price, cost of installation, and running 
expenses. 


Question 4. — What are the economic 
advantages resulting from the use of these 
appliances, taking into account wages, 
auxiliary tools, lubricating oils and grease, 
interest and sinking fung for cost of ap-_ 
paratus, etc.? 

How many men are necessary to work 
the apparatus? 


Question 5..— Please state the mini- 
mum length of road after which the use . 
of mechanical appliances would be of — 
value or effect economies. 


Question 6. — If the economical ad- 
vantages are few, what are the other ad- 


_ vantages. which. have led to -the -introduc- 


tion of this equipment, for instance, the 
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time required to carry out the operations 
by one or the other method under aver- 
age or normal conditions ? 


Question 7. — When using such ap- 
pliances on the line, what is the source 
of power utilised . 

Can it be used while the road in ques- 
tion is in service ? 

Is it transportable without blocking 
the traffic 2 

What radius of action has it without 
shifting the source of power? 


The replies of the Spanish adminis- 
trations are negative in character and 
show that.mechanieal-methods have not 
been adopted for the maintenance, pro- 
perly so called, of the permanent way, al- 
' though in certain reports both the 
Madrid to Saragossa and Alicante Rail- 
way and the North of Spain, state that 
they have used, when relaying the line, 
apparatus of the Collet type for packing, 
dressing the sleepers and inserting the 


‘tenance of signalling works, 


serews. Although this work‘ may in some: 


respects be considered as belonging ; to 
maintenance of permanent way, its im- 
portance is: due to other features, and 
without doubt. it should be included 
among improvements and newworks. It 
is for this reason that-in the table these 
methods are not given as being in use. 

_ The results attained when renewing 
the line have been favourable as régards 
time and quality of work, as well as ‘from 
the economical point of view, for they 
show a saving of from 25 to 30 % ap- 
proximately. 

In its reply the North of Spain not only 
states that it does not employ mechanical 
apparatus, but also that it would be of 
very little use, since it appears to require 
trained workmen, difficult to find, and 
who moreover require high wages. 

*We do not share this opinion, for the 


tools generally used are simple and can 
be used by any man after very short tui- 
tion. Consequently, the wages asked 
need not be high. 

And even supposing there might be an 
increase of some wages, these tools enable 
a large number of working days to be 
saved. 

For this reason, it seems desirable that 
the tools in question be given a trial, in 
order to ascertain their value in service. 


SECOND PART. 


Question 1. — What is the organisation 
for the maintenance of the permanent 
way on your system ? 

A. — As regards staff : 

a) Evenly distributed over the lines; 

b) Concentrated in specially selected 
areas ; 

c) Staff specially engaged in the main- 


tunnels, 
bridges, etc. 


B. — Inspection and protection of the 
road : 


a) At special works, tunnels, bridges, 
ete.; 

b) Level crossings; 

¢) Over the whole stretch of line. 


The organisation.of gangs of a uniform 
type is common to all administrations, 
except that the North of Spain Railway 
has established a uniform distribution 
throughout the length of the line, giving 
each gang a longer or shorter section ac- 
cording to the conditions of the line, lay- 
out, etc. 

This procedure, although favourable, in 
so far as it suits the means to the needs, 
we cannot entirely endorse, as we believe 
it is better to give to each gang the same 
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relative length of line, and to strengthen 
any particular one, if special circumstan- 
ces call for heavier work. 

Both the Madrid - Saragossa - Alicante 
and the North of Spain Railways have spe- 
cial gangs of varying composition, allocat- 
ed to-and concentrated at the most im- 
portant stations solely in order to keep 
them in good repair. There are also 
gangs for the upkeep of tunnels, bridges, 
interlocking, ete. 

The three other companies who have 
replied have not expressed themselves 
sufficiently clearly about this, for us, 
most interesting system. 

As regards supervision, the five com- 
panies agree as to the establishment of a 
special system of keepers for level cros- 
sings, where the protection is subject to 
provisions of a legal nature, which are 
certain to be modified, with a tendency 
towards reduction and simplification. 

For tunnels and bridges the North of 
Spain and the Madrid-Saragossa-Alicante 
Railways have special supervisors; and 
for the general supervision of the line 
both companies have ‘special police, 
which generally carry out their duties 
during the night. 

The other three companies entrust this 
work to the ordinary maintenance men. 


Question 2. — Have you made any in- 
novations during recent years looking 
towards economy in maintenance of the 
permanent way ? 


In 1912, the North of Spain Company 
substituted for the method common in 
Spain of maintenance « as found needed » 
that of a thorough overhaul bi-annually, 
with which they say they are satisfied, 
although there may not be any advantage 
economically. 

The Madrid-Saragossa-Alicante Rail- 
ways, which adhere to maintenance « as 


found needed », has begun on certain spe- 
cified sections to try packing with the 
shovel which should give good results, 
but as these trials only go back four years, 
no definite or economic information can 
yet be given. 


Question 3. — What is the latest equip- 
ment of your chief roads; weight and 
length of rails; type of joints; number 
and kind of sleepers; method of fixing 
the: rails to the sleepers; quality of bal- 
last ? - 


The different data is given in the cor- 
responding column of the table, and con- 
sequently any comment is useless. 


Question 4. — What is the average 
length of road maintained by a yang on 
the main lines? How many men are in 
a gang, including the foreman, and if 
there are such, the assistant and sub-as- 


‘sistant foreman ? 


The composition of the gangs varies, 
as well as the length of road each has to 
maintain, but there is no unifirmity as to 
the average length per man. 

The North of Spain Company uses 
gangs of 7 men; the Andalusian and the 
Madrid - Saragossa - Alicante Railways 5 
only. 

The Andalusian Railways carry out 
their iain tanec’ trials over 6 km, (3.7 
miles) per gang; “the Central of Aragon 
over 12 km. (7.5 ’ miles), with an average 
of 1 km. (0.62 miles) Bet man for the 
North of Spain and 2 (1.24 miles) for the 
Central Aragon and the Madrid-Saragos- 
sa-Alicante Railways. 

It is therefore impossible to pass judg- - 
ment based solely on these facts, as one 
would have to know other circumstances 
to be able to appreciate the position. 

If all the comparisons are based on 
single line, it.is perfectly possible to as- 
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sign 2 km. (1.24 miles) to each man. In 
our opinion, and generally speaking, not 
less than 2 km. should be given to each 
man. 


Qusstion 5.— Do you use formule (or 
tables) to determine the number of men 
required for the maintenance of a certain 
length of road (single track or several 
tracks?) If so, what are these formule? 

How do you show in these formule the 
length of sidings and the number of 
points, equal to a certain length of main 
line? 


The North Company — very logically in 
our opinion — has fixed standards by 
which they determine the value of the 
different works, and the difficulties the 
men encounter, according to the length 
of road; but this line of action is applied 
in our opinion wrongly, instead of streng- 
thening the gangs. 


Question 6. — Is the number of men 
in a gang the same for winter and sum- 
mer; or are your gangs made up of a mi- 
nimum number of men, employees of the 
Company, and added to in the summer 
by temporary hands ? 


The fixed annual number of men is 
constant with an addition when needed 
of auxiliary workmen. 


Question 7. — What other work have 
the gangs to do, like cleaning out ditches, 
cutting hedges, etc.; or is this work con- 
tracted out ? 


The same gangs do all this work on 
every Company. 


Question 8. — For permanent way 
maintenance, is your system maintained 
by doing work found necessary by in- 
spection or by general periodical relay- 


ing? If the latter, what is the interval 
between general renewals ? 


Every Company uses the method « as 
found necessary », except the North, 
which, as already stated, has since 1912 
followed the system of thorough overhaul 
bi-annually, with which it is very satis- 
fied, without, however, giving compara- 
tive results between the two systems. 


Question 9. — In the case of mainten- 
ance by general renewal, is it carried out 
by the ordinary gangs, or by special gangs 
relaying the whole for the line ? 


The same ordinary gangs. 


Question 10. — What technical pro- 
cesses are employed for : 

a) The preparation of material before 
using; 

b) Care of material in service, stating 
average life of different materials; 

c) Slewing the track; 

d) Packing and aligning; 

e) Cleaning and weeding the ballast. 


Only: preparing the sleepers and clean- 
ing the ballast. 


Question 11.-— Do you carry out cer- 
tain work under contract by your own 
staff, or do you offer a bonus for com- 
pletion within a certain fixed period ? 

If so, what is the bonus, calculated on 
the wages of the men. 

How is the work checked in such cases? 

Does not this method of doing work 
under contract or for a bonus have a bad 
effect on the quality of the work done ? 

What is the cost per year per kilometre 
of single track ? 

Generally the reply seems negative, for 
only the Andalusian Company states that 
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it sometimes employs a system of piece 
work, but never pays a bonus. 


Question 12. — What are the working 
hours of ordinary platelayers, etc.? Are 
they fixed by law? If so, is any distinc- 
tion made between ordinary, extraordin- 
ary or urgent work ? 


Question 13. — If working hours are 
regulated, do they count from the time 
when the workman arrives at the place 
where the work should begin, or from 


the moment when he reaches the Railway, 


Company’s property at the point nearest 
to his home ? 


Generally an established day of eight 


hours, commencing with the arrival of the 
men at the job and ending when they 
leave. 


Question 14. — Do you use auto cars 
to take men to their work ? Under what 
conditions do they run ? 


Question 15. — Are artisans (carpen- 
ters, painters, masons, etc.) and signal 
and telegraph men provided with means 
of transport,*either bicycles or motors ? 
If the first, do the bicycles belong to the 
Railway Company or to the employees 


who receive an allowance for their up- 
keep ? 


Question 16..— What measures ure 
taken to increase the life of materials ac- 


cording to the importance of the traf fic ie 


All Companies replied in the negative. 


Question 17. — Graphs of the progress 
of all the works mentioned, showing their 
results from the point of view of econ- 
omy. 


4. — Have you determined and fixed by 


graphs from exact observation of the- 


work done on your lines, the normal per- 


iod, standardised requisite for each par- 
tial operation, as well as for all heavy 
work to be done on the track, e. g. 


A. — For handling material, as : 


a) Loading or unloading per ton of 
rails; 

b) Loading or unloading per cubic 
metre of ballast, etc. 


B. — Maintenance work, properly. so 
called, as : 
a) Renewing of rails per metre; 
b) Packing per sleeper, with different 
kinds of ballast; 
c) Aligning per metre of road, in plan 
and in elevation; 
) Renewing a sleeper in situ; 
) Renewing ballast, per cubic metre; 
f) Weeding track, per metre of road; 
) General inspection of track, per 
metre ; 
h) Renewing track, etc., per metre. 


2. — How have you kept account, in 
determining the standardised normal op- 
erations, of loss f*time due to traffic or 
any other cause ? 


Only the North Company, which on ac- 
count of the system of thorough overhaul 
it uses, keeps charts of the work, without 
however indicating the economic results. 


Question 18. —- Technical education of 
men entrusted with the direction and car- 
rying. out of these works. - 

Method of selection. 

Are they required to have an official 
professional degree ? 

Does the administration give facilities 
for the education of this staff ? 

If so, give details about the organisa- 
tion of the schools. 

Of all the companies who have sent re- 
plies, the Central Aragon alone does not 
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give any details. Two others state their 
staff is nominated by selection. 

The Madrid-Saragossa-Alicante and the 
North state that up to now, applicants for 
district foreman have to pass an examin- 
ation before a duly constituted Commis- 
sion. But the Madrid-Saragossa-Alicante, 
in view of the mediocre results obtained 
lately from the officials who have gone 
in for the examination. without having 
the requisite technical knowledge, al- 
though their practical knowledge and. the 
difficulty of studying owing to living at 
a distance from the instruction centre, 
lias been taken into account, is consider- 
ing the establishment of professional 
schools of the particular grade for the 
theoretical and practical -instruction of 
its officials who wish to profit by their 
teaching in order to obtain the post of 
district foreman on giving proof of their 
capacity. 


Summary of the previous remarks. 


1. Mechanical methods for mainten- 
ance, properly so called, of the permanent 
way have not been employed. 


2. Uniform distribution of gangs for 
the most part is common to all the com- 
panies, but exception is made of some 
who, in conformity with formule and 
variable factors reduce the number of 
kilometres assigned to each gang accord- 
ing to the importance and difficulties of 
the line. The most -important companies 
keep permanent gangs for the large sta- 
tions. 


oo The composition of the gang varies 

according to the administration, but 
mostly the strength is based on 2 km. 
(1.24 mile) of single track per man. 
- In certain-cases the length is reduced to - 
1 km. (0.62 mile). 
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4. Gangs remain at same normal 
strength throughout the year, but are 
added to by casual labour if there is extra 
work to be done. 


5. The system « as found necessary » 
prevails over that of periodical inspection 
throughout. 


6. The annual ‘cost of maintenance per 
kilometre of single track is not given. 


7. An eight-hour day is observed, 
counting from arrival at the job up to 
the moment of leaving. No éravelling al- 
lowance is made, whatever may be the 
distance from the job. 


8. No company has provided mechan- 
ical transport for the men to their work. 


9. Although up to now technical in- 
struction has not been provided directly 
by the.administrations, a school will be 
started shortly by the Madrid-Saragossa- 
Alicante Company. 


French administrations. 


Table 3 gives the 22 replies of the 
French administrations and is specially 
interesting because it represents almost 


. the whole: of the ‘trunk‘lines.” 


Below we transcribe these replies, keep- 
ing to the different paragraphs for pur- 
poses of comparison. 


FIRST PART. 


Recent improvement in the mechanical 
appliances for maintenance of the per- 


- manent way. 


Question 1. — Have you introduced or 
improved of late years the mechanical ap- 
pliances for maintaining the permanent 
way; and if so, how long ago is it since 
you adopted them ? 
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Do you employ mechanical appliances 
for the following operations : 


a) Preparation of the roadbed; 

hb) Loading,. transporting and wnload- 
ing ballast; 

c) Loading and unloading rails and 
sleepers; 

d) Spreading and packing the ballast; 

e) Unloading and placing in position 
fully assembled lengths of track; 

f) Transport of materials over the 
road; 

g) Drilling and adzing the sleepers; 

h) Setting the sleepers; 

i) Laying the rails; 

j) Driving the coach screws of chairs 
or sole-plates into the sleepers; 

k) Serewing up the bolts in the. joints 
or other parts of the track; 

1) Levelling the ballast; 

m) Aligning, levelling and packing the 
track; 

n) Weeding and cleaning the ballast 
either over the whole. width, or only 
beyond the sleepers; 

0) Straightening, cutting and drilling 
rails; 

p) Do you utilise special vehicles for 
carrying permanent way material? 

q) For what other purpose ? 


Question 2. — If using such equip- 
ment, please describe those in use, ex- 
plained by designs, drawings, or photo- 
graphs, and any other facts which you 
consider useful for a perfect understand- 
ing. 


Question 3. — Please state purchase - 


prise cost, of anstallation, and running 
expenses. 


Question 4. — What are the economic 
advantages resulting from the use of these 
appliances, taking into account wages, 


auxiliary tools, lubricating oils and grease, 
interest and sinking fund for cost of ap- 
paratus, etc.? 
How many men are necessary to work 
the apparatus ? 


Question 5. — Please state the mini- 
mum length of road after which the use 
of mechanical appliances would be of 
value or effect economies. 


Question 6. — If the economical ad- 
vantages are few, what are the other ad- 
vantages which have led to the introduc- 
tion of this equipment, fer instance, the 
time required, to carry out the operations 
by one or the other method wnder aver- 
age or normal conditions ? 


Question 7. — When using such ap- 
pliances on the line, what is the source 
of power utilised ? 

Can it be used while the road in ques- 
tion is in service ? 

Is it transportable without blocking the 
traffic ? 

What radius of action has it without 
shifting the source of power ? 


The use of mechanical methods and - 
tools is very general for maintaining the 
permanent way, particularly on the trunk 
lines, although all are unanimous in stat- 
ing. that. on account of. the short time 
these .methods have been used, they 
cannot supply conclusive opinions. 


The State Railways, the Est and the 
Paris, Lyons & Mediterranean (P. L. M.) 
are those who have used most mechan- 
ical means. These methods are stated 
below in the order of their largest appli- 
cation. 

First of all, transport on the line is by 
means of trolleys of adequate power, tak- 
ing into account the profile of the line 
and the load to be hauled by the trains, 


Fig. 3. — Tamper. Power used by eight sets : 4.4 kw. 


Output 


and generally composed of tipping wa- 
gons, which is a type very generally in 
use and of varying dimensions. 

We find that this very effective system 
is used by the State Railways, Est, Midi, 
Paris-Orleans, Paris, Lyons & Mediter- 
ranean, and the Tunisian Railways. The 
trains are signalled in the same way as 
regular trains. 

However, the administrations consulted 
do not say anything as to the minimum 
distance over which this method of trans- 
port is economical. 

Next in order come the methods used 


150 sleepers an hour, 


for destroying weeds on the line. Gen- 
erally they are hand weeded by the ordin- 
ary gangs, but two other different meth- 
ods have been employed. One, a mechan- 
ical, has shown nearly always poor re- 
sults. The other, although chemical, may 
be also considered as mechanical owing 
to the use of special trains for its appli- 
cation. 

Simple mechanical methods have been 
used by the State, Est, Midi and Paris, 
Lyons & Mediterranean Railways. The 
three other administrations used chemical 
means. 


_ Fig. 4. — Train of hopper or tip wagons haul2d by motor tractor. 


Usually these trains (figs. 8 and 10) 
are made up of a motor trolley, a tank 
wagon for the liquid (usually chlorate of 
sodium or « occisol »), a pump wagon, a 
travelling workshop, and another wagon 
with a stock of salt. 

Although the reply is not decisive on 
the subject of economy, the State Rail- 
ways report a coefficient of 72 %. 

Now come the tamping tools usually of 
the Collet type (fig. 3) for the sleepers, 
operated by petrol motor and used by the 
State Railways and also by the « Société 
des Transports en commun ‘de la Région 
parisienne ». 


One of the train formations. 


The State and the Tunisian Railways 
drill the sleepers in the shops where they 
are impregnated and dressed, and not on 
the spot. 

The ends of worn rails are sawn and 


. redrilled, for use then on secondary lines, 


making points and crossings ete. The 
Est and the « Société des Transports en 


Commun de la Région Parisienne » do this — 


in travelling workshops (fig. 7). 


For spreading soil and ballast the State 


and the Est Railways use flat cars with 
bottom doors and drop sides. 
For tightening bolts, the State Rail- 
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es mew, Rigo. — Collet notching and drilling machine. 


Average power taken : 


ways use spanners driven by small petrol 
motors. 

For unloading rails, the Est uses spe- 

cial wagons of great length, with ends ar- 
ranged to allow 3 or 4 rails at a time to 
be unloaded by means of small trolleys 
and pulleys (fig. 6). 
It is to be regretted that owing to the 
short time these methods have been em- 
ployed, there are no conclusive econom- 
ical facts available. 


SECOND PART. 


Scientific organisation of permanent 
way maintenance. . - 


6 kw. — Output : 125 sleepers an hour. 


Question 1. — What is the organisation 
for the maintenance of the permanent 
way on your system ? 

A. — As regards staff : 

a) Evenly distributed over the lines; 

b) Concentrated in specially selected 
areas; 

c) Staff specially engaged in the main- 
tenance of signalling works, tunnels, 
bridges, ete. 

B. — Inspection and protection of the 
road : 

a) At special works, tunnels, bridges, 
etc.; 


b) Level crossings; 
c) Over the whole stretch of line. 


The organisation set up for the com- 
position and distribution of gangs may be 
divided into four main classes, as fol- 
lows : 


a) Spread out over the line and of uni- 
form composition; 

b) Uniform distribution; Copeiuon 
variable; 

c) Distribution variable; composition 
uniform; 

d) Distribution and composition vari- 
able. 


Usually the French administrations 
come under paragraphs (a), (c) or (d), 


- their choice being decided by the state 


of the road, the number of stations, halts, 
junctions, etc. 

Based on importance and length of 
line, the chief administrations adhere to 
classification (¢), amongst whom are the 
State, Paris-Orleans, Paris, Lyons & Me- 
diterranean, the Paris Girdle and the Al- 
gerian and the Tunisian Railways. 

Those who adopt classification (d) are 
the Est, Midi, Alsace-Lorraine, P.1..M. 
(Algerian Lines), the Dahomey, the Da- 
mascus to Hamah and the Smyrna to Cas- 
saba Railways. 

In the first group (a) are the five least 
important administrations. 

From the foregoing it may be deduced 
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Cabine des machines 


30 


lv—22 


that the chief companies, in order to at- 
tain the greatest degree of flexibility, have 


not hesitated to go to the utmost limits 


Fig. 8. — Paris, Lyons & Mediterranean System. — Chemical weed killing plant. General view. 


of variety in the composition of their 
gangs. Whilst possessing the advantages 
indicated, this variety gives rise to dif- 
ficulties of organisation and accounting 
at headquarters. 

In the same paragraph there is a very 
interesting point relating to the forma- 
tion of independent gangs for mainten- 
ance of permanent way by concentrating 
workers for certain important works. 

Similarly, special gangs are formed for 
the maintenance of plant, work of a spe- 
cial kind, tunnels, bridges, lockings, sig- 
nals, etc., ete. 

The formation of special gangs is quite 
usual. These mainly look after the lines 
in the large stations and are composed of 
the permanent staff according to the im- 
portance of the work. Administrations 
which have adopted the system are the 
State, Alsace-Lorraine, Midi, Paris-Or- 
leans and the Dahomey Railways. 

In those companies which have not 
made use of these arrangements, it is the 
ordinary gangs, specially allocated, who 
look after these installations. 

For the upkeep of metal bridges, the 
State, Est, the Algerian and the Smyrna 
to Cassaba Railways have special gangs. 

On the State and the Paris Girdle Rail- 
ways, there is a new method of upkeep, 
viz. by contractors who specialise in that 
class of work. It is quite admissible, 
although seeing the importance of such 
special work, it seems to us it should be 
carried out by the Railway Company. 

As regards the watching of bridges, 
works under construction, and special 
installations, level crossings and the 
track in general, unanimity exists as to 
level crossings. On the other hand there 
is a tendency to attach special watchmen 
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Fig. 9, 


to the regular maintenance gangs, gen- 
erally at night. 

This opinion is not held by the follow- 
_ ing companies : 

Midi, Tarn Departmental, Dahomey, 
and the Société des Transports en com- 
mun de la Région parisienne. 

This is not to say that these compa- 
nies do not have watchmen, but the work 
is done by the maintenance gangs, with- 
out however having to provide for night 
watching. 


Question 2.-— Have you made any in- 
novations during recent years looking 
towards economy in maintenance of the 
permanent way ? , 


Amongst the operations of a technical 


character already developed, that of sho- 
vel tamping is in very general use. It is 
a process which lightens materially the 
laying of the track, and shows very great 
saving in maintenance. It has been 
adopted with good results, according to 
information supplied, by the Paris Girdle, 
the Est and the Paris, Lyons & Mediter- 
ranean Railways. 

The State mentions, as a method from 
which much is hoped, the formation of a 
superior body entrusted with the inspec- 
tion and control of the permanent way 
and its maintenance. This body seems 
to us unnecessary, and it will be well to 
await the result. 

Finally the Paris, Lyons & Mediterra- 
nean states it hopes to get good results 
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by reducing the lengths allotted to the 
gangs. 

On the other hand the Tarn Depart- 
mental Company asserts having obtained 
the same result by increasing the length 
and strengthening the gangs. 


Consequently, it will be as well to await 
further information. 


Question 3. — What is the latest eguip- 
ment of your chief roads; weight und 
length of rails; type of joints; number 
and kind of sleepers; method of fixing 
the rails to the sleepers; quality of bal- 
last ? 


Any remarks are superfluous, as the 
table shows the kind of track used by 
each company. 

A good number of them mention stan- 
dard types of rail. 


Question 4, — What is the average 
length of road maintained by a gang on 
the main lines? How many men are in 
a gang, including the foreman, and if 
there are such, the assistant and sub-as- 
sistant foreman ? 


Although the composition of the gangs 
is governed by such circumstances as pro- 
file and service, as well as traffic cost of 
labour and weather conditions, there are 
no observations beyond those comprised 
in the replies received, an examination 
of which shows that the result which 
lends itself best to a comparison is that 
of kilometres maintained per man, which 
gives a scale ranging from 3-km. to 
0.75 km, (4.86 to 0.465 mile) per man. 
Below we give the number of kilometres 
assigned to each man by the different 
companies : 


Midi and Tarn : 3 km. (1.93 miles). 
Sud-Ouest : 2.05 km. (1.27 miles). 


Smyrna-Cassaba : 2.25 km.(1.39 miles). 
Midi, single track Orleans, Tunis Rail- 
ways and Dahomey : 2 km. (1.24 miles). 
Paris, Lyons & Mediterranean, Algerian | 
and Smyrna-Cassaba: 4.60 km.(0.99 mile). 
State, Alsace-Lorraine, Est and Alge- 
rian : 1.35 to 1.2 km. (0.84 to 0.74 mile). 


For the secondary lines 1 km. (0.62 
mile) on the State and the Paris-Orleans 
and 0.75 km. (0.465 mile) in Indo-China. 

The size of the gang varies from 3. to 
40 men, and the number of kilometres to 
be maintained between 5 and 15 (3.1 to 
9.3 miles). 

Taking an average of all the adminis- 
trations by length of road and size of 
gangs in each, we get 1.95 km. (1.21 mile) 
per man, a figure which we consider ac- 
ceptable. 


w 


Qurstion 5. — Do you use formule (or 
tables) to determine the number of men 
required for the maintenance of a certain 
length of road (single track or several 
tracks)? If so, what are these formule? 

How do you show in these formule 
the length of sidings and the nwmber of 
points, equal to a certain length of main 
line ? 

In order to decide what should be the 
number of men per gang, when the sys- 
tem adopted is that of variability of the 
gangs, or a reduction in the length allot- 
ted to each, one accepts the method, prac- 
tised by the many companies who do not 
employ scientific or fixed methods, and 
a few do it according to output per man. 

On the other hand, other companies 
use methods derived from the study of | 
comparisons and observations with coef- 
ficients, or from more or less empirical 
formule, but always with a certain hase. 

In this second group we find a method 
which is very simple and is applied by 
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the State. It consists in fixing a certain 
length of main or secondary road per 
man, and calculating the number of work- 
men by multiplying this length with its 
coefficient. j 
Another method is employed by the 
Est, Alsace-Lorraine and Paris, Lyons & 
Mediterranean Railways, viz. applying va- 
riable coefficients according to the condi- 
tions of each job, the number of points 
and crossings, length ,etc. Below we state 
the practice of each of these companies : 


Alsace-Lorraine. — 1 man per 1.5 km. 
(0.93 mile) of single track—1 man per 
4 km. (0.62 mile) of double track—1 man 
per 0.6 km. (0.37 mile) of triple track = 
4 man per 0.25 km. (0.155 mile) of qua- 
druple track—1 man per 60 points, taking 
single points as one and double crossovers 
as two. 


Paris, Lyons & Mediterranean. — 1 man 
per 2 km. (4.24 mile) of single main line 
track —=41 man per 0.8 (0.50 mile) of 
double main line track, each pair of 
points being equivalent to 0.1 km. (0.06 
mile) of single main line track. 

Lastly, the Anzin Company adopts the 
following formula : 


N=13L4+25P+05h,; 
wherein : 


N = Number of men; 

P — Number of stations and halts; 
L = Length ofmain line; 

h = Length of track in stations. 


In view of the small number of formu- 
le and coefficients employed, they cannot 
be accepted as a pattern. 

Nevertheless, the convenience of fol- 
lowing tlii8 method must be recognised, 
since it is the only reasonable and scien- 
tific one. 


Question 6. — Is the number of men in 
a gang the same for winter and summer; 
or are your gangs made up of a minimum 
number of men, employees of the com- 
pany, and added to in the summer by 
temporary hands ? 


Generally, it may be stated that in 
France and her Colonies, the gangs are 
composed of regular hands and are aug- 
mented only by auxiliary help when cir- 
cumstances require it. 


Question 7. — What other work have 
the gangs to do, like cleaning out ditches 
cutting hedges, etc.; or is this work con- 
tracted out ? 


The regular hands look after these sup- 
plementary jobs. 


Question 8. — For permanent way 
maintenance, is your system maintained 
by doing work found necessary by im- 
spection or by general periodical relay- 
ing? If the latter, what is the interval 
between general renewals ? 


Question 9. — In the case of mainten- 
ance by general renewal, is it carried out 
by the ordinary gangs, or by special gangs 
relaying the whole of the line ? 


Most of the administrations and parti- 
cularly of the trunk lines with heavy and 
frequent traffic adopt the method of gen- 
eral overhaul at periods varying accord- 
ing to the one or the other, or even ac- 
cording to the importance of their lines. 

It must be recognised that a strong 
opinion exists in favour of this method 
of work, it being declared to give entire 
satisfaction, over the abandoned method 
of repairs as found needed. It is to be 
regretted that it has not been stated whe- 
ther the advantages secured represent 
better work or a saving in labour and 
material. 
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Below we give the administrations 
which use this method and the time 
which elapses between two inspections. 

Every two years: State, Alsace-Lorraine, 
Orleans. 

Every three years: State, Alsace-Lor- 
raine, Midi, Orleans, Paris, Lyons & Me- 
diterranean, Tunisian. ; 

Every four years : State, Paris Girdle, 
Midi, Orleans and Tunisian, and with- 
out fixing a period: Est, Paris, Lyons 
& Mediterranean, Société des Transports 
en commun de la. Région parisienne, Al- 
geria, State, Tunisian. 

The same companies appear in differ- 
ent periods, because they are concerned 
with lines of different importance. 

Contrary to the foregoing, the Bouches- 
du-Rhone, Dahomey, Algerian and Smyr- 
na-Cassaba Railways follows the method 
of repairs as needed, 7. e. the least impor- 
tant amongst the companies consulted. 

The two systems are used, as under 
trial, by the Paris, Lyons & Mediterra- 
nean, the Algerian, and the Damascus- 
Hamah Railways. 

From this survey, it would seem that 
it is better to employ the system of 
thorough overhaul by the regular main- 
tenance gangs. 


Question 10. — What technical pro- 
cesses are employed for : 


a) The preparation of material before 
using; 

b) Care of material in service,.stating 
average life of different materials; 

c) Slewing the track; 

d) Packing and aligning; 

e) Cleaning and weeding the ballast. 


Mention is made only of the dressing 
and impregnation of sleepers at special 
yards, and the tarring of metal work. to 
be placed in the tunnels. 


Question 11. — Do you carry out cer- 
tain work under contract by our own 
staff, or do you offer a bonus for com- 
pletion within a certain fixed period ? 

If so, what is the bonus, calculated on 
the wages of the men. 

How is the work checked in such cases? 

Does not this method of doing work 
under contract or for a bonus have a bad 
effect on the quality of the work done ? 

What is the cost per year per kilometre 
of single track ? 


None of the administrations consulted 
works at agreed prices; only the Est Rail- 
ways pays a premium for speed and per- 
fection in the general overhaul. 

The fact that this method is not used, 
although in harmony with modern prac- 
tice, makes one fear that the work may 
be done carelessly whereas it ought to be 
done very carefully, and that it imposes 
too great a responsibility; in spite of 
close supervision, it is really impossible 
to get work as well done as if it were 
carried out under contract. 


Question 12. — What are the working ~ 
hours of ordinary platelayers, etc.? 

Are they fixed by law? If so, is any 
distinction made between ordinary, ex- 
traordinary or urgent work? 


Question 13. — If working hours are 
regulated, do they count from the time 
when the workman arrives at the place 
where the work should begin, or from 
the moment when he reaches the Railwey 
Company’s property at the point nearest 
to his home ? 

All French administrations are subject 
to the legal eight-hour day, which is ree- 
koned from the time of arrival at the job 
to the moment of leaving. Nevertheless, 
when a man has to travel more than 5 km. 
(3.1 miles), the day is reduced by a quar- 


59 


1v—31 


ter of an hour per kilometre to be tra- 
velled in excess of 5 km. 

Overtime is allowed in urgent cases, at 
50 % increase in wages. 

In the Colonial administrations these 
regulations are not in force, the day vary- 
ing between 9 to 10 hours. 


Question 14. — Do you use auto-cars to 
take men to their work? Under what 
conditions do they run? 


Question 15. — Are artisans (carpen- 
ters, painters, masons, etc.) and signui 
and telegraph men provided with means 
of transport, either bicycles or motors ? 
If the first, do the bicycles belong to the 
Railway Company or to the employees 
who receive an allowance for their up- 
keep ? 


All the administrations reply in the ne- 
gative. Only the Bouches-du-Rhéne say 
they make an allowance of 10 ir. per 
month for maintenance and repairs to 
men with bicycles, it being understood 
that they will use them in their work. 


Question 16. — What measures are 
taken to increase the life of materials ac- 
cording to the importance of the trojfic ? 


All say « None ». 


Question 17. — Graphs of the progress 
of all the works mentioned, showing their 
results from the point of view of econ- 
omy. : 

1. — Have you determined and fived 
by graphs from exact cbservation of the 
work done on your lines, the normal per- 
iod, standardised, requisite for each par- 
tial operation, as well as for all heavy 
work to be done on the track, e. 9. 


A. — For handling material, as : 


a) Loading or unloading per ton of 
rails; 


b) Loading or unloading per cubic 
metre of ballast, etc. 


B. — Maintenance work, properly so 
called, as : 

a) Renewing of rails per metre; 

b) Packing per sleeper, with different 
kinds of ballast; 

c) Aligning per metre of road, in plan 
and in elevation; : 

d) Renewing a sleeper in situ; 

e) Renewing ballast, per cubic metre; 

{) Weeding track, per metre of road; 

g) General inspection of track, per 
metre; 

h) Renewing track, etc., per metre. 


2.— How have you kept account, in de- 
termining the standardised normal oper- 
ations, of loss of time due to traffic or 
any other cause ? 


Some, but very few, administrations re- 
commend the use of graphs for following 
up the progress of work, particularly 
when the method of general overhaul is 
adopted. None of them, however, show 
the economic results obtained by these 
graphs, which was the reason of the ques- 
tion set. 


Question 18. — Technical education of 
men entrusted with the direction and car- 
rying out of these works. 

Method of selection. 

Are they required to have an official 
professional degree ? 

Does the administration give facilities 
for the education of this staff ? 

If so, give details about the organisa- 
tion of these schools. 


All the administrations consulted have 
replied that it would be advisable to es- 
tablish the best suitable formule, recog- 
nising the importance of getting properly 
educated men, although they recognise 
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the difficulty of getting this education 
outside of the administrations who know 
exactly the capabilities and knowledge 
which their officials should have. 

If central technical schools are used, 
they usually have the disadvantage of giv- 
ing too general instruction, and, of course, 
have no practical teaching. If the in- 
struction is entrusted to the initiative of 
the staff, it has been found that they do 
not provide themselves with the most 
suitable books, even if such exist. 

It would be well to let them follow one 
of the two methods, and to complete the 
course by means of lectures given by su- 
perior officers, whilst giving facilities 
for the use of proper books. 

The officials to whom these facts par- 
ticularly apply are foremen of gangs and 
district foremen, in view of the impor- 
tance of their positions in the operation 
of a modern railway. 


We will now consider the principal sc- 
lutions reported : 


All are in accord with freedom of se- 
lection in engaging workmen, and each 
lays down a system which it believes to be 
the best for selecting its staff. 

They employ selection after enquiry 
into the antecedents of candidates, who 
undergo an examination, the knowledge 
for which must have been acquired at 
their own cost. 


This is the practice adopted by the Al- 
sace-Lorraine, Midi, Orleans, Bouches-du- 
Rhone, Tarn, Anzin, Smyrna-Cassaba and 
Indo-China Railways. r 

This staff is then given facilities to 
take an official course of instruction, and 
when they have obtained a diploma, it is 
taken into consideration for the examin- 
ations of the Paris, Lyons & Mediterra- 
nean Company (France and Algeria), 


which refund. them 50 % of what they 
have paid to acquire this knowledge. 

The State Railways, Paris Girdle, Est, 
Algerian and Tunisian administrations 
supply gratuitously all educational requi- 
sites, and further lectures are given by ~ 
the higher officials. 

After this statement it will be easily 
understood that by employing one method 
or the other, the administrations consult- 
ed obtain well educated staff, thanks to 
the sacrifices they make to maintain these 
centres of instruction. 

After what has been stated it may cer- 
tainly be considered as very desirable to 
form technical schools entirely staffed by 
the companies themselves. 


Summary of the foregoing remarks. 


‘4. Mechanical means for maintenance 
of permanent way are numerous, and par- 
ticularly for transporting material, weed- 
ing and tamping, and notching and dril- 
ling sleepers, but owing to the short time 
they have been in use, there are no suffi- 
cient comparative facts available to allow 
of an economic appreciation. 


2. Maintenance by gangs is common to 
all administrations, but most of them 
have neither uniformity of distribution, 
nor of composition, although the practice 
of uniform composition and variable dis- 
tribution predominates. 

Nevertheless, it is possible to set up 
equivalent arrangements for those who 
prefer entire absence of uniformity of 
composition and distribution. 


3. An interesting improvement. is the - 
use with greater economy and safety of 
packing with the shovel. 


4. The composition of each gang and the 
length of road given to each are very va- 
riable. 
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Each comprises from 3 to 10 men, and 
the length of road varies between 5 and 
45 km. (3.1 to 9.3 miles). 

This averages out at an upkeep of 
1.95 km. (121 mile) per man, although 
certain companies reduce this figure to 
0.75 km. (0.465 mile). 


5. There is a very large majority em- 
ploying general overhaul at periods, more 
or less long, according to the importance 
of the lines and their traffic. 


6. The general opinion is against con- 
fiding the maintenance to contractors, as 
also to giving it out to piece work, not 
even with a bonus. 


7. The annual cost per kilometre of sin- 
gle track is not stated. 


8. The eight-hour day is obligatory for 
all French Railways and in North Africa, 
it being understood that these cover time 
on the job, although workers are allowed 
a travelling time of 15 minutes per kilo- 
metre when the distance from their resi- 
dence to the job exceeds 5 km.(3.4 miles). 


9. No administration has arranged for 
the transport of its men to the job by 
mechanical means. 


40. For recruiting the maintenance 
staff, there is complete agreement as to 
free selection of the lower grades, with 
examination and competition for the gang 


and district foremen. 

It must, however, be noted that a good 
number of administrations are setting up, 
at their own cost, special schools for 
training these employees. 


Italian administrations. 


Only the State Railways, which have 
the greatest mileage in Italy, have replied. 
The answers are shown in table 4. 


FIRST PART. 


Recent improvements in the mechanical 
appliances for maintenance of the per- 
manent way. 


Question 1. — Have you introduced or 
improved of late years the mechanical ap- 
pliances for maintaining the permanent 
way; and if so, how long ago is it since 
you adopted them ? 

Do you employ mechanical appliances 
for the following operations : 


a) Preparation of the roadbed; 

b) Loading, transporting and unload- 
ing ballast; 

ce) Loading and unloading rails and 
sleepers; 

d) Spreading and packing the ballast; 

e) Unloading and placing in position 
fully assembled lengths of track; 

f) Transport of materials over the 
road; 

g) Drilling and adzing the sleepers; 

h) Setting the sleepers; 

i) Laying the rails; 

j) Driving the coach screws of chairs 
or sole-plates into the sleepers; 

k) Screwing up the bolts in the joints 
or other parts of the track; 

1) Levelling the ballast; 

m) Aligning, levelling and packing the 
track; 

n) Weeding and cleaning the ballast 
either over the whole width, or only 
beyond the sleepers; 

0) Straightening, cutting and drilling 
rails; 

p) Do you utilise special vehicles for 
carrying permanent way material ? 

q) For what other purpose ? 


Question 2. — If using such equipment, 
please describe those in use, explained by 
designs, drawings, or photographs, and 
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any other facts which you consider useful 
for a perfect understanding. 


Question 38. — Please state purchase 
price, cost of installation, and running 
expenses. 


Question 4. — What are the economic 
advantages resulting from the use of 
these appliances, taking into account 
wages, auxiliary tools, lubricating oils 
and grease, interest and sinking fund for 
cost of apparatus, etc. 

How many men are necessary to work 
the apparatus ? 


Qurstion 5. — Please state the mini- 
mum length of road after which the use 
of mechanical appliances would be of 
value or effect economies, 


Question 6. — If the economical ad- 
vantages are few, what are the other ad- 
vantages which have led to the introduc- 
tion of this equipment, for instance, the 
time required to carry out the operations 
by one or the other method under average 
or normal conditions ? 


Question 7. — When using such ap- 
pliances on the line, what is the source 
of power utilised ? 

Can it be used while the road in ques- 
tion is im service ? 

Is it transportable without blocking the 
‘traffic ? 

What radius of action has it without 
shifting the source of power ? 


The mechanical tools employed: by this 
administration are numerous, and justify 
its reputation as progressive. 

By employing petrol and compressed 
air motors, practical mobile power units 
have been formed for doing the work 
over each kilometre, bringing the current 
by cables laid parallel with the track with 
plug- in points at short distances apart. 


By means of these units tamping tools 
and spanners for inserting bolts and 
screws are driven. if 

The saving effected reaches 40 %; and 
further, there are very appreciable ad- 
vantages in countries like Italy with ma- 
larial belts, because by its means a lot 
of work can be done in good weather, 
which ‘by other means would take more 
time. 

For transporting the material, trains of 
trolleys and hoppers are used, which run 
like ordinary trains. 

Finally, but without giving details, the 
use of a machine for weeding is men- 
tioned. 

These facts are interesting, although 
nothing is said about any long experience 
with this work. 


SECOND PART. 


Scientific organisation of permanent 
maintenance. 


Question 1. — What is the organisation 
for the maintenance of the permanent 
way on your system ? 


A.— As regard staff : 
a) Evenly distributed over the lines; 
b) Concentrated in specially selected 
areas; 
c) Staff specially engaged in the main- 
tenance of signalling works, tunnels, 
bridges, etc. 


B. —. Inspection and protection of the 
road: 

a) At special works, tunnels, bridges, — 
etc.; 

b) Level crossings; 

c) Over the whole stretch of line. 


The practice is to have gangs not uni- 
formly distributed along the line, nor 
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uniformly constituted, depending on the 
layout and equipment of the line. 

For important stations, permanent and 
independent gangs are formed. For main- 
taining certain works like bridges, tun- 
nels, interlockings, etc., neither special 
gangs nor officials are used, in spite of 
the good results which they have given 
on account of their specialisation. 

Special watching is no longer practised 
at these points, except for level crossings, 
though that of the line in general is done 
by special watchmen appointed for this 
purpose alone. 


QuEsTIoN 2. — Have you made any in- 
novations during recent years looking 
towards economy in maintenance of the 
permanent way ? 


For certain sections of line the main- 
tenance is given to contractors, and with 
good results. However, it is recognised 
that most contractors have not the desired 
experience, and do not. know this class 
of work, which requires careful supervi- 
sion if the result is not to be uneconom- 
ical. 


Question 3.— What is the latest equip- 
ment of your chief roads; weight and 
length of rails; type of joints; number 
and kind of sleepers; method of fixing 
the rails to the sleepers; quality of bal- 
last ? 


The different types of road and their 
characteristics are stated. 


Question 4. — What is the average 
length of road maintained by a gang on 
the main lines? How many men are in 
a gang, including the foreman, and if 
there are such, the assistant and sub-as- 
sistant foreman ? 


Question 5. — Do you use formule (or 
tables) to determine the number of men 


required for the maintenance of a cer- 
tain length of road (single track or se- 
veral tracks)? If so, what are these for- 
mule? 

How do you show in the formule 
the length of sidings and the number of 
points, equal to a certain length of main 
line? 


The gangs are composed according to 
the layout of the road of from 10 to 17 
men to maintain 5 to 7 km. (3.1 to 4.35 
miles) of track, either single or double, 
in allotting each man from 2 to 2.4 km. 
(1.24 to 1.49 miles). 


Question 6. — Is the nwmber of men 
in a gang the same for winter and sum- 
mer; or are your gangs made up of a mi- 
nimum number of men, employees of the 
company, and added to in the summer by 
temporary hands ? 


Question 7. — What other work have 
the gangs to do, like cleaning out ditches 
cutting hedges, etc.; or is this work con- 
tracted out ? 


No special comment is called for on the 
replies to these questions. 


Question 8. — For permanent way 
maintenance, is your system maintained 
by doing work found necessary by in- 
spection or by general periodical relaying? 
If the latter, what is the interval between 
general renewals? 


Question 9. — In the case of main- 
tenance by general renewal, is it carried 
out by the ordinary gangs, or by special 
gangs relaying the whole of the line ? 


For several years the system of general 
overhaul at periods of 2, 3 or 4 years, 
according to the importance of the line, 
has been followed, and has given satisfac- 
tion. 
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Question 10. — What technical pro- 
cesses are employed for : 


a) the preparation of material before 
using; 

b) care of material in service, stating 
average life of different materials; 

c) slewing the track; 

d) packing and aligning; 

e) cleaning and weeding the ballast. 


The most interesting information is 
that which applies to the use of shovel 
packing as it is asserted that it effects a 
great saving of ballast, and gives great 
stability to the road. 


Question 12. — What are the working 
hours of ordinary platelayers, etc. Are 
they fixed by law? If so, is any distinc- 
tion made between ordinary, extraordin- 
ary or urgent work ? 


Qurstion 13. — If working hours are 
regulated, do they count from the time 
when the workmen arrives at the place 
where the work should begin, or from the 
moment when he reaches the Railway 
Company's property at the point nearest 
to his home ? 


It is stated that the statutory eight- 
hour day counts from arrival on the job 
to the time of leaving it. 


Question 18. — Technical education of 
men entrusted with the direction and car- 
rying out of these works. 

Method of selection. 

Are they required to have an official 
professional degree ? : 

Does the administration give facilities 
for the education of this staff ? 

If so, give details about the organisa- 
tion of the schools. 


Admission into the service without 
examination is usual for the men, but 


candidates for employment as district or 
gang foreman undergo an examination. 
The administration supplies books to the 

candidates for their studies. 


Summary of previous remarks. 


1. Mechanical appliances for mainten- 
ance of permanent way are numerous. 
They give good results and show an ap- 
preciable saving. ; 

2. Gangs are uniform neither in com- 
position nor distribution, but depend on 
the layout of the road and existing equip- 
ment, though always based on certain co- 
efficients. Certain of these gangs are em- 
ployed only at important stations. 

(3. They are so composed that each man 
has to look after 2 to 24 km. (1.24 to 
1.49 miles) according to whether the 
track is single or double. 

4. Generally the size of the gang is 
fixed. However, when circumstances re- 
quire exceptional work, it is given out 
to specialist contractors. 

5. General overhaul is practised at vary- 
ing periods according to the state of the 
line. 

6. The average annual cost of upkeep 
per kilometre is not stated. 

7, The statutory day is eight hours, ac- 
tually on the job. ., 

8. The administration does not provide 
transport to work. 

9. Men are engaged by free selection. 
For employment as district or gang fore- 
man, candidates undergo an examination 
after previous study for which the ad- ~ 
ministration provides books. 


Portuguese administrations. 


Only one replied, the Portugal Railway 
Company, which does not represent the 
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most important railway system of Portu- 
gal, comprising only 35 % of the railways 
of the country. Table 5 gives the main 
details of this administration. 


FIRST PART. 


Recent improvements in the mechanical 
appliances for maintenance of the per- 
manent way. 


Question 1. — Have you introduced or 
improved of late years the mechanical ap- 
pliances for maintaining the permanent 
way; and if so, how long ago is it since 
you adopted them ? 

Do you employ mechanical appliances 
for the following operations : 


a) Preparation of the roadbed; 

b) Loading, transporting and unload- 
ing ballast; 

c) Loading and unloading rails and 
sleepers; 

d) Spreading and packing the ballast; 

e) Unloading and placing in position 
fully assembled lengths of track; 

f) Transport of materials over the 
road; 

g) Drilling and adzing the sleepers; 

h) Setting the sleepers; 

i) Laying the rails; 

j) Driving the coach screws of chairs 
or sole-plates into the sleepers; 

__k) Screwing up the bolts in the joints 
or other parts of the track; 

1) Levelling the ballast; 

m) Aligning, levelling and packing the 
track; 

n) Weeding and cleaning the ballast 
either over the whole width, or only 
beyond the sleepers; 

0) Straightening, cutting and drilling 
rails; 

p) Do you utilise special vehicles for 
carrying permanent way material ? 

q) For what other purpose ? 


Question 2. — If using such equip- 
ment, please describe those in.use, ea- 
plained by designs, drawings, or photo- 


_ graphs, and any other facts which you 


consider useful for a perfect understand- 
ing. 


Question 3. — Please state purchase 
price, cost of installation, and running 
expenses. 


Question 4. — What are the economic 
advantages resulting from the use of 
these appliances, taking into accownt 
wages, auxiliary tools, lubricating oils 
and grease, interest and siking fund for 
cost of apparatus, etc.? 

How many men are necessary to work 
the apparatus? 


oC) 


QuESTION 5. — Please state the mini- 
mum length of road after which the use 
of mechanical appliances would be of 
value or effect economies. 


Question 6. — If the economical ad- 
vantages are few, what are the other ad- 
vantages which have led to the introduc- 
tion of this equipment, for instance, the 
time required to carry out the operations 
by one or the other method under aver- 
age or normal conditions ? 


QueEstTion 7. — When using such ap- 
pliances on the line, what is the source 
of power utilised ? 

Can it be used while the road in ques- 
tion is in service ? 

Is it transportable without blocking the 
traffic ? 

What radius of action has it without 
shifting the source of power ? 


With regard to mechanical means for 
performing operations relating to track 
maintenance work, notching and drilling 
machines used in the impregnation yard 
are alone mentioned. . 
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SECOND PART. 


Scientific organisation of permanent 
way maintenance. 


Question 1. — What is the organisation 
for the maintenance of the permanent 
way on your system ? 

A. — As regards staff : 

a) Evenly distributed over the lines; 

b) Concentrated in specially selected 
areas ; 

c) Staff specially engaged in the main- 
tenance of signalling works, tunnels, 
bridges, etc. 


B. — Inspection and protection of the 
road : 


a) At special works, tunnels, bridges, 
ete.; 
b) Level crossings; 
c) Over the whole stretch of line. 


The organisation of the lower grade 
staff charged with the maintenance of 
permanent way, is the usual gang, but its 
composition varies although uniformly 
distributed according to the traffic, which 
is the factor which most influences its 
formation. 

As has been already stated elsewhere, 
we consider this principle of varying the 
composition preferable to that of con- 
stantly altering the distribution. 

The alteration in working of traffic 
would be acceptable, although other cir- 
cumstances, and particularly that of the 
layout, might justify some variations. 

The almost universal rule of forming 
special gangs for important stations is 
not observed, any more than for the up- 
keep of bridges and tunnels, nor signals, 
and interlockings. 

Watching of tunnels, bridges, and level 


crossings is done by the same gangs who 
look after the road. 


Question 2. — Have you made any in- 
novations during recent years looking © 
towards economy in maintenance of the 
permanent way ? 


Although they have not been put to the 
tests, stone crashers for ballast, and qua- 
dricycles for transporting the men have 
been acquired. 


Question 3. — What is the latest equip- 
ment of your chief roads; weight and 
length of rails; type of joints; number 
and kind of sleepers; method of fixing 
the rails to the sleepers; quality of bal- 
last ? 


All comment is useless. 


Question 4. — What is the average 
length of road maintained by a gang on 
the main lines? How many men are in 
a gang, including the foreman, and if 
there are such, the assistant and sub-as- 
sistant foreman ? 


QuEst10on 5.— Do you use formule (or 
tables) to determine the number of men 
required for the maintenance of a cer- 
tain length of road (single track or se- 
veral tracks)? If so, what are these for- 
mule ? 


How do you show in these formule the 
length of sidings and the number of 
points, equal to a certain length of main 
line ? 


The length of road maintained varies 
according to whether it is double or sin- 
gle track. For this latter case 6 to 10 km. — 
(3.7 to 6.2 miles) respectively with 6 and 
7 workers, to which correspond 1.6 and 
1.7 km. (0.99 and 1.05 miles) of single 
track according to circumstances. 


AT 
Iv—39 


Question 6. --- Is the number of men 
in a gang the same for winter and sum- 
mer; or are your gangs made up of a mi- 
nimum number of men, employees of the 
company, and added to in the summer 
by temporary hands ? 


‘Question 7. — What other work have 
the gangs to do, like cleaning cut ditches 
cutting hedges, etc.; or is this work con- 
tracted out ? 


_ All special remarks are useless. 


(Question 8. — For permanent way 
maintenance, is your system maintained 
by doing work found necessary by in- 
spection or by general periodical relay- 
ing ? If, the latter, what is the interval 
between general renewals ? 


Question 9. — In the case of mainten- 
ance by general renewal, is it carried out 
by the ordinary gangs, or by special gangs 
relaying the whole of the line ? 

For several years general overhaul bi- 
annually has been practised. It gives sa- 
tisfaction and is done by the ordinary 
gangs. However, no commentary has 
been made, nor any inference drawn be- 
tween this method and that employed for- 
merly. 


Question 10. — What technical pro- 
cesses are employed for : 


a) the preparation of material before 
using; 

b) care of material in service, stating 
average life of different materials; 

c) slewing the track; 

d) packing and aligning; 

e) cleaning and weeding the ballast. 

No special remarks are called for. 


Question 11. — Do you carry out cer- 
tain work under contract by your own 


staff, or do you offer a bonus for com- 
pletion within a certain fixed period ? 
If so, what is the bonus, calculated on 
the wages of the men. 
How is the work checked in such cases? 
Does not this method of doing work 
under contract or for a bonus have a bad 
effect on the quality of the work done? 
What is the cost per year per kilometre 
of single track ? 


Contrary to the general tendency, bo- 
nuses are awarded to the staff who direct 
the gangs, for quality and speed of work. 


QurstTion 12. — What are the working 
hours of ordinary platelayers, etc.2 Are 
they fixed by law? If so,is any distinc- 
tion made between ordinary, extraordin- 
ary or urgent work ? 


Question 13. — If working hours are 
regulated, do they count from the time 
when the workmen arrives at the place 
where the work should begin, or from 
the moment when he reaches the Railway 
Company's property at the point nearest 
to his home ? 


Same information as given in the pre- 
vious table. 


Question 18. — Technical education of 
men entrusted with the direction and 
carrying out of these works. 

Method of selection. 

Are they required to have an official 
professional degree ? 

Does the administration give facilities 
for the education of this staff ? 

If so, give details about the organisa- 
tion of the schools. 


This report is interesting, as amongst 
the conditions laid down for. promotion 
to the posts of gang and district foreman, 
it lays stress on that which requires the 
production of satisfactory certificates . 
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from technical schools for the requisite 
specialised knowledge. 


Summary. of previous remarks. 


1. The trials carried out are very limit- 
ed, although good results have been ob- 
tained from the use of mechanical tools. 

2. The practice exists of variable gangs 
uniformly distributed and without form- 
ing special ones for stations, regard being 
had to the conditions of traffic on the 
network of lines. 

3. An average of 1.07 km. (1.05 miles) 
-of single track is assigned obligatorily to 
each man: the same rule applies in the 
case of double track. 

4. The strength of the gangs is fixed, 
‘and is augmented by casual labour when 
there is special work to be done. ~ 

5. For maintenance, general revision 
overhaul bi-annually is the rule. 

6. The kilometric cost per year for up- 
keep of single track is not given. 

7. The working day is usually eight 
hours, counting from arrival at the job 
to the time of leaving. 

8. Up to now, means of transport have 
not been provided. As an experiment qua- 
dricycles have been purchased, but the 
results are still unknown. 

9. The engagement of the ordinary staff 
is by nomination, but foremen of gangs 
and district must supply satisfactory cer- 
tificates from technical schools. 


GENERAL SUMMARY. 


A. It is chiefly in France, Belgium and 
Italy that mechanical methods have been 
tried in permanent way maintenance, and 
according to information obtained’ the 
results have been satisfactory, showing 
an appreciable saving, reduction in la- 
~bour, and perfection and speed in carry- 
ing out the work. 


Particularly noteworthy are the tamp- 
ing of sleepers, transport of material 
along the line, weeding and inserting the 
screws. Other, though less important, 
trials have been made with other kinds of | 
work. Although the trial periods are re- 
cent, the administrations consulted have 
given tentative opinions that the savings 
effected are frequently round about 50 %. 

2. The principles adopted for the for- 
mation of gangs, not only in the several 
countries consulted, but also in’ each of 
their administrations, are very numer- 
ous, for instance those of uniform and 
variable composition, in which provision 
is made for the division or variation of 
the length of road assigned to each gang, 
in order to adapt the means of work to 
the needs of the line entrusted to them. 

However, none of the systems laid down 
can be considered as definitively prefer- 
able, in view of the reasons in favour 
of each. Nevertheless, in the interests of 
good accounting the greatest possible uni- 
formity is recommended. 

For the formation of those groups 
where uniformity does not exist, there 
are many bases for determining the num- 
ber of men, taking into account the length 
they have to maintain. Either formule 
already established are employed, or the 
relative values of length of road, number 


of points, condition of the road, etc., are 


taken into consideration. 

It is, however, well to call attention to 
the real difficulty which exists in deter- 
mining these coefficients or equivalents 
en a general basis, in view of the numer- 
ous factors which govern them. In con- 
sequence it is very difficult to arrive at 
the greatest uniformity, however desirable © 
it may be from every point of view. 

Even in the administrations themselves 
its establishment is complex, since the 
condition of the road, works under con- 
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struction, tunnels, curves, cuttings and 
enbankments, offering greater or less 
ease of maintenance, enter into the cal- 
culation. Most of the administrations 
adopt the principle of permanent gangs 
employed exclusively in the maintenance 
of permanent way. 

The formation of special gangs for cer- 
tain work which requires special know- 
ledge, and the upkeep of which ought 
to be independent from that of the road, 
- as well as for that required for big con- 
structional work, bridges, tunnels, metal 
roofs, interlockings, signals, electric and 
hydraulic apparatus, etc., is not as fre- 
quent as could be wished. 

For the protection of the road, the gen- 
eral practice, particularly with the big 
administrations, is to have a certain num- 
ber of men for protection and watching, 
independent from the ordinary mainten- 
ance. 

_ The existence of special watchmen for 
_ the particular installations mentioned 
previously is not very common, although 
their establishment offers undoubted ad- 
vantages. Naturally, it would mean em- 
ploying independent gangs. 

3. Owing to the difference in practice 
referred to already in the formation of 
gangs, their composition is. very variable, 
both as to numbers and the length of 

road to be maintained. This length of 
single track assigned to each man, varies 
between an average of 0.75 to 3 km. (0.465 
to 1.86 miles). However, the nearly ma- 
thematical average of all the administra- 
tions consulted comes out at 2 km. (4.24 
mile) per man. 

4. With the exception of the Belgian 
Administrations all the others keep to a 
standard size of gang throughout the 
year, with their officials. All, however, 
are reinforced whenever exigencies of 
work require it. The Belgian Adminis- 


I—4 


AA 


trations state that they reduce the size of 
the gangs during the winter, justifying 
this decision by the state of the weather, 
which, they say, does not allow them to 
profitably employ the whole of the avail- 
able force. 

Nearly all the administrations agree in 
having the work of cleaning ditches, etc., 
which is not contracted out, done by the 
ordinary maintenance gang. 

5. Shovel packing is recommended by 
a good number of administrations, who 
state that it is the best means of obtain- 
ing a marked improvement and a saving 
in maintenance. 

6. With the exception of the French Co- 
lonial Railways, an eight-hour day is com- 
pulsory, counting from the moment of 
arrival at the job. 

The .French Administrations, in con- 
formity with legal requirements, calculate 
each kilometre which a man must travel 
both ways between his home and work, 
as equal to a reduction in work of 15 mi- 
nutes, taking into account that the maxi- 
mum distance he must travel on his own 
account must not exceed 5 km. (3.4 miles). 

In the Colonial Administrations, the 
working day is longer, viz. 9 to 10 hours. 

7. Of the two systems most generally 
employed for the maintenance of perma- 
nent way, 7. é. general overhaul inspection 
or « walking » the first is used by most 
of the administrations, amongst whom 
the most important assert that they are 
completely satisfied with it. 

Variable periods and itineraries are 
established according to the importance 
of the line and its traffic, but always be- 
tween two and four years. 

It is a pity that no economic compari- 
son has been established between the two 
systems; the administrations: who use 
them simply say they are satisfied. 
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Generally the ordinary maintenance 
gangs do the work. 


8. The decision not to contract out is ~ 


nearly general, nor to have piece work at 
bonus rates, although a very few adminis- 
trations do this. 

The prevailing opinion approves the 
work being done by the company, as 
otherwise one is liable to harmful conse- 
quences; and when contracted out, the 
work is never comparable to company’s 
work, in which specially trained men are 
employed under strict supervision. 

9. Transport of men to the job is at 
their expense. They nearly always walk. 
Some administrations have tried carrying 
them on mechanically propelled trolleys, 
and it must be recognised that this offers 
many advantages. 

Not only do the men arrive rested and 
with the required energy for work, but 
the force required for urgent and neces- 
sary work can be got together at a given 
moment at the desired spot. 

Travelling by bicycle belonging to the 
men is allowed, but only a very few ad- 
ministrations employ this means. There 
are some which make a small allowance 
to men who use them for getting to work. 

10. Very few administrations have re- 
plied to the question regarding means em- 
ployed for lengthening the life of road 
materials. And those who have replied 
only mention the impregnation of sleep- 
ers, tarring or galvanising the screws, in- 
sertion of plugs where screws have been 
withdrawn, etc. . 

11. The general reply is that graphs of 
work have not been compiled, from which 
results can be deduced not only of the 
length of time required but also the cost 
of the work, with all details requisite for 
satisfactory inspection and oversight in a 
good organisation. 

12. For engaging permanent way men, 


different methods are employed accord- 
ing to their class, as follows : 

For the ordinary men admission with- 
out examination is usual, and within most 
of the administrations, without requiring 
technical knowledge or experience. 

Gang foremen-in most cases are select- 
ed from among the men, and but rarely 
after previous examination. 

Finally we have the district foreman, 
who is equivalent to a foreman of several 
gangs, an undoubtedly important post, for 
on him depends the proper maintenance 
of the permanent way and also success 
from the social point of view. 

It is indisputable that these men should 
be endowed with the ability to direct, for 
they have under their orders large bodies 
of men, and must also deal with matters 
which are not german to road mainten- 
ance. 

Practice differs, however, in this res- 
pect. 

Free choice is practically never follow- 
ed, seeing the importance of the job. 

The system of selection is also rarely 
applied unless it be by requiring a pre- 
liminary examination or competition be- 
fore a properly constituted jury, to whom 
the candidates demonstrate their theore- 
tical and practical knowledge, and must 
also furnish a certificate of the services 
they have rendered. 

For the preparation they must undergo 
before presenting themselves to the jury, 
several methods are recommended. 

In the first place, the candidate should 
be quite free to choose his books and the 
instructor who is to teach him, aecord- 


ing to the situation he holds, although . 


this solution is always incomplete. 

It would be well to enable prospective 
candidates to live where they can follow 
a suitable course of study. 

’ And in this respect the administration 
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still plays an important part, favouring 
men who have degrees, if at the same time 
they have the knowledge necessary for 
the position to which they aspire. 

Some administrations have a decided 
preference for this latter class, and even 
pay them a portion of their expenses in- 
curred while studying, supplying them 
further with books, and even paying the 
school fees. 

Lastly, there is another method which 
we consider very effective, and which is 
already employed by some administra- 
tions with excellent results. This is by 
organising classes at the cost of the ad- 
ministration and having as professors 
their own instructors, who plan the 
course and confer as to appropriate sub- 
jects. 

Further, this method provides for 
prizes in the form of books, drawing ma- 
terials, etc. 

In view of the important part which 
these men take in the maintenance of 
permanent way and of the difficulty of 
finding public or private centres of in- 
struction, we consider administrations 
should not hesitate to take upon them- 
selves the instruction of their personnel. 

This would place at their disposal a 
good number of men equipped with all 
that is necessary to fulfil their task. We 
are moreover certain that the tendency in 
the future will be definitely towards this 
system. 


CONCLUSIONS. 


1. In view of the short duration of the 
trials with mechanical tools for perma- 
nent way maintenance and the limited 
experience, member administrations are 
recommended to extend these trials, com- 
piling with every possible care statistics 
and comparisons which might bring to 


fresh consideration of clear and well de- 
fined data. 

9. The existence of gangs as primarily 
entrusted with permanent way mainten- 
ance may he considered as general, al- 
though the composition and strength are 
usually variable. Uniformity may be 
regarded as exceptional. 

In order to decide the composition of ~ 
the gangs and the length of track allotted 
them, it would he desirable to have avail- 
able formule or coefficients, or compa- 
risons of the widest general range, not- 
withstanding that their establishment 
may be difficult in face of the diversity 
of circumstances. affecting them. 

The average length of single track as- 
signed to each man is 2 km. (4.24 miles). 

It is desirable from every point of view 
to maintain uniform composition through- 
out the year by means of permanent 
gangs, which when necessary can be rein- 
forced by casual labour. 

3. To assure the greatest safety in per- 
manent way maintenance, and effect at 
the same time an appreciable saving, the 
use of shovel tamping is recommended. 

4. Generally the working day is eight 
hours, counting from arrival at the job. 
8. General periodical inspection is 
adopted by most of the administrations 
who say they are satisfied with it; but it 
would be desirable to know the econom- 
ical results, and if possible to establish 
a comparison with those obtained by 
« walking », so that the administrations 
may decide to employ ( standardise) one 
of these two systems. 

6. Owing to its importance, it is as well 
in general not to entrust the maintenance 
of permanent way to contractors, nor to 
have it done by piecework, or under 
bonus. 

1. It would be interesting to get more 
definite information regarding experi- 
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ments in the transport of men to their 
job, as this offers indisputable advan- 
tages. Workmen might be encouraged to 
purchase bicycles themselves, and might 
receive a small allowance for their up- 
keep. 

8. It would be as well to recommend ad- 
minitstrations to prepare well thought out 
graphs in which might. appear not only 
the account of the work. but also the ne- 


cessary data for determining first cost of 
each of the individual operations includ- 
ed in permanent way maintenance. 

9. As far as possible, the formation of 


technical schools by the administrations | 


themselves, for the education for the post 
of district foreman, of candidates drawn 
from the lower grades — workmen and 
gang foremen — should become general. 


Madrid, 10 March 1929. 
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BELGIAN 
ADMINISTRATIONS. 


i 2 


Belgian National Railway Com- a 
. pany. 


pany. 


Congo Railway Company . 


National Light Railway Oom- qk 


Question 1. 
Reply. 
3 
No. 
No. 
Yes, since 1926. 


No. 


Question 2. 


4 


Photo. fig. 1. 


Trolleys with hoppers, 


Electric sets. 


Special spanners, Ro- 
bel type. Photo. 
fig. 2. 


Mech. drilling for ho- 
les up to 32 mm. 


« Ochner » tipping 
wagons with saddle 
brakes and side 
doors, 


F 


Question 3. 


— nt 


D) 


10000 Belg. fr. 


fr. daily. 
Each trolley 

Belg. fr., 2.4: 

1000 ker. 


50000 fr. and 2 
fr. per set of € 
ment laid. 


45 Gold-Mark 


3000 Belgian f 
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Question 4. Question 5. Question 6. Question 7. 
6 | 7 8 9 
i} 
wing 50 Yo = 4 men. 5 km. Reduction in staff = Yes = not precise. Power 
less storage. driven. 
aving per 1000 km., 5 km. Reduction in cost, load Yes. 
1125 fr., 2 men. and accidents. 
3 % = 3 men = 2 sets 10 km. : ® saving in staff. Yes. 
= 30 men. 
50 % = 1 man. Whatever the distance Speed of laying. : Yes. 
may be. = 
Each hole costs 1 fr. By On the stations. By hand. Yes. 
hand 5 fr. = 2 men. 
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Belgian National Reilway Oom- 
pany. 


National Light Ruilway Oom- 
pany. - 


Oongo Railway Oompany . 
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Annex, 
40 

a 

A b 
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Question 1. 


Question 2. 
Reply. 


il i 


tributed. ; methodical revision. 


On the important sta- 
tions. 


For signals only. 


No. 
No. 
No. 


SECO 


Question 3. 


13 


Gangs uniformly dis-|Complete or partial|Flat bottom rail 


50 kgr. with o 
lap joints, toget 
with 29 sleepers 
18 m., without | 
plate on stra’ 
road or curves 
more than 600 
radius, with bal 
which must not 
river gravel. 


Gatigs uniformly dis-|Careful observations|Metre gauge with 


tributed. with special cards 
for each kilometre. 
No. 
No. 
‘JGangs uniformly dis- No. 
tributed. 


kgr, rails of 18 
tres, with 15 — 
pers. 1.435-m. gi 
rail of 32.5.1 
18 m. long. 20: 
pers. Overlap jc 
and ballast of 
viable quality. 


33-ker. rais of 1: 


with 18  slee 
joints in fives, | 
screw with sa 
bolt. 


| 
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tinued). 
stion 4. Question 5. Question 6. Question 7. Question 8. Question 9. 
Dr 1 aa 
i4 15 16 16 18 1 
km. double|There are formule|During the winter Yes. General inspection.|Normal gangs, aug- 
; 7 to 10} and tables for] normal regime; mented in the 
ingle track;| obtaining ~ the] augmented in summer. 
varies from] desired results} summer. 
8 men. according to the 
conditions of the 
line. Circular 11- 
8-26. 
of foreman|No formule used.|Gangs reduced in Yes. Inspection trough- Ordinary gangs. 
4 to 5 men, winter and strengh out in favorable 
looking af- thened in sum- periods of the 
} km. mer. year. At other 
times general ins- 
pection. 
nan looks af- No. No. Yes Walking the Ordinary gangs. 
2 km. ‘ 


length. 
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Belgian National Railway Com- 
pany. 


National Light Railway Com- 
pany. 


Congo Railway Company . 
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Question 10. 


20 


Sleepers are drill- 
ed and dressed 
beforehand. Bal- 
lasting by hand. 
The use of sho- 
vel tamping is 
growing. Weed- 
ing by hand. 


Sleepers are im- 
pregnated by the 
Bethell method. 


No. 


Question 11. Question 12. 


21 22 


No. 
increased in spe- 
eial circumstan- 
ces, 


No, 39.47 + 45 Bel- 
gian fr. 


8 hours. 


SE 


Question 


a 
2 23 


8 hours per day| from arriva! 


workman 


time 
work. 


he 


From = arri 
the work 
to time he 


work. 
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(continued). 
Juestion 14. Question 15. Question 16. Question 17. Question 18. 
24 25 26 27 28 
ent trolleys, run- | No, only a few electri-|The dressed sleepers No. Men engaged as need- | 
o as trains. cians. are fitted with bolts ed. Gang foremen | 
before being laid. by examination 
Tarred trenails are after 2 years work. 
to be used. District foremen in | 
competition amongst | 
gang foremen. 

No. No. On bridges with heavy No. District and gang fo- | 
traffic,and at cross- remen are selected | 
overs special steel ig according to their | 
used. capacity and abi- | 

lity to control 
without being sub- | 

| mitted to competi- | 
tion or examina- 
tion. 

No. No. No. ; No. No. 
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SPANISH 
Question 1. 
ADMINISTRATIONS. Question 2. Question 3. 
Annex, Reply. ‘ 
1 2 ] 3 4 5 
Andalusian Railways . No. 
Central Aragon Railway . No. 
Madrid to Saragossa & to Ali- No. Fee 
cante Railways. 
North of Spain Railways . No. 
Lorca to Baza Railway . . . oe _ No. 
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T 
a 
SE 
SPANISH 
Question 1. 
ADMINISTRATIONS. Question 2. Question 3 
Annex. Reply. 
nn a 
1 10 1 12 13 
Andalusian Railways . a |Gangs uniformly dis- No. Rails of 45 kgr., 
tributed. long with sl 
and sole pla' 
B No. varying numb 
c No. 
a No. 
B b Yes. 
e The same men. 
Central Aragon Railway . A a |Gangs uniformly dis- No. Rails of 42 1/2 a 
tributed. ker. per 
metre, 12.4 m 
and sleepers. 
Madrid to Saragossa and to a Gangs uniformly dis- Shovel tamping has} Rails of 45 kg 
Alicante Railways. tributed. been tried, but} m. long, wit 
I + Hi without obtaining] sleepers and 
A b mportant stations. | any definite inform-| plates on 
Interlockings and} ation. sleeper. 
tunnels. 
a On bridges and in tun- 
nels. 
b Yes. 
Special watchmen. 
onth Ga ORGAO. a Uniform gangs but for/Periodical inspection|Rails of 42.8 k 
North of Spon Raslway variable lengths. bi-annually. F 12,4 m. with o 
‘ i joints on si 
oe A ae eee ee with sole plat 
e  |Interlockings and tun- “ 
nels. 
a Bridges and tunnels. 
B b Yes. 
e Yes. 
Lorca to Baza Railway . a Uniform gangs. No. 30-kgr. rails of 
A b No m. with 10 sle 
c No. 
a No. 
B b No. 
c No. 
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jtion 4. Question 5, Question 6. Question 7. Question 8. Question 9. | 
ee 
14 a Dae as. 16 17 18 ly 
er gang ot No. Permanent and in-| The same gang. Walking No. 
: creased when the length. | 
there is special | 
work. 
per gang of No. Do. Do. Do. No. 
n. 
per gang of No. Do. Do.” Do. No. 
n. 
km. with 7/Yes, according to Permanent and ad- Do. Periodical imspec-| Normal staff. 
the number of| ded to when tion twice a year. 
points on a length there is special 
of road. work. 
Walking the length No. 


per gang of No. Do. Do. 
n. 
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SE 
SPANISH 
ADMINISTRATIONS. Question 10. Question 11. Question 12. Question 
——— ee EE ee 
1 20 21 22 Bom 
Andalusian Railways. . . . No. Sometimes by piece 8 hours. Beginning fr 
work, but never rival at tl 
under bonus. 

Central Aragon Railway. . . No. No. 8 hours. Do. 

Madrid to Saragossa and to Ali- Preparing the slee- No. 8 hours. Do. - 
camte Railways. pers and cleaning Overtime in urgent 
the ballast. cases. 

North of Spain Railway. . . Do. No. Do. Do. 

Lorca to Baza Railway. . . No. No Do. Do. 


1900 pesetas. 


yntinued). 
el 


T (continued). 


! 
Question 14. Question 15. Question 16. Question 17. Question 18. 
24 m5. 26 27 2 
NDAs NOt a= | No. No. By selection. 
| | 
| 
No. No. No. No. No: | 
} 
No. No. | No. | No. The formation of tech- | 
| nical schools is ie 
' | being considered, i 
, | | 
Ne. No. No. |An inspection chart) ree nomination of 
is kept. workmen and gang 
foremen, District 
foremen by examin- 
| ation. 
| 
No. No. | No. By selection. 


FRENCH 


pe Question 1. 
ADMINISTRATIONS. = a Question 2. Question 3. 
| Annex. | Reply. 
Ee ee ce ee ee 
: r Power -driven tam: Photo, fig. 3. 50000 fr. includiz 
Risto Foshoaye pers, Collet type. ; nt motor, 
Trolleys with trailers| Photo, fig. 4. [50000 and 7500 f 
respectively, 
Cutters and drillers Photo, fig. 5. 
for sleepers, Collet 
type. 
Tightening bolts. 
Chemical weeding. /Train of 1 tank wagon}s5 000 fr. without ti 
‘ with pump for mix- wagons, 
ing, and 1 closed 
wagon for the solid 
ingredient. 
Tip wagons. 
Alsace-Lorraine Railvays. No. No. 
é No. No. 
* Paris Girdle Raihecays . 
Est Railway . b Tip wagons. 
- e |Special wagons for Photo, fig. 6. The additional feat 
unloading rails. costs 35.000 fr. 
f  |Prolleys with trailers. ae 50 000 fr., 5 000 f 
n {Chemical means andjWith chl. of sodium|By mechanical mea 
by hand. & « oecisol » tank} 310 fr. per km. — 
wagon, wagon with|S0 000 fr. the instal 
\ | pump and a supply] __ tion. 
of salt. 180 or 200 fr. per k 
ers tPF 
o Cutting and drilling/Travelling workshops. 36 000 fr. 
rails with worn Photo, fig. 7. 


ends for future use. 
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| ss Question 5. | Question 6. * Question 7. 
il : 
os aniane sp [ 8 Q 
Not yet sufficiently tried Not yet sufficiently tried | When electrically driven 
for an authoritative | for an authoritative can be used while road 
comparison of results. comparison of results. is in use. 
20 km. bo Yes 
No. No, No. 
No. No. No 
3 km, i By hand. 
st ie e Petrol motor. 
; H 


Petrol motor. | 
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Annex. 


Midi Railway . f 
n 

Paris-Orleans Railway - - - f 
Nord. Ratlway. . .- - - > > b 
@ 

f 

g 

j 

n 

Paris, Lyons & Mediterranean b 

Railway. 

d 

f 

n 


Bouches-du-Rhéne Railways and 
Tramways. 


Tarn Departmental Railways. . 


uestion 1. 
ADMINISTRATIONS. Q i 


Reply. 
3 


Trolleys and trailers. 


Chemical and mecha- 
nical means. 


Trolleys and hoppers. 


Auto-dumping wagons, 
Special wagons. 
Trolleys and hoppers. 


Drilling and adzing at 
the wharf. 


Electric machine for 
driving screws. 


Chemical weeding. 


Trolleys with tip-hop- 


pers. 


{ 


lank wagon hauled by 
trolley. 
Photo, fig. 8. 


Tamping ballast. 


Trolleys and hoppers. 


Chemical and mecha- 


nical means. 


No. 


Question 2. Question 3. 


Photo, fig. 9. 


Photo, fig. 6. 


Photo, fig. 10. 


Photo, fig. 11. 


4 
s | 24.000 fr. 


50 000 fr. 
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tinued). 
(continued). 

Question 4. Question 5. Question 6. Question 7. 

6 7 8 9 
1.5 km 

not sufficient for tes Labour saving. Petrol motor. 

ormation. 


Hleetrie plant. 


ving per ton 0.5 fr. Bleetric plant. 


ing of rails avoided. 


Bleectric plant. 


h only two years ex- 3 Saving and improvement Blectrie plant. 
rience cannot give in work, and reduction 
act information. of hand labour. , 

No. No. Ne. No. 


FRENCH 
ADMINISTRATIONS, 
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Somain to Anzin and the Bel- 
gian frontier 


Nud-Ouest Railway . 


Société des Transports en com- 
mun de la région parisienne. 


Algerian State Railways . 


Paris, Lyons & Mediterranean 
(Algerian Lines). 


Tunisian Railway Company . 


French Oolonial Railways in 
West Africa. 


Dahomey Railways . 


Damas-Hamah and Hatensions. 


Smyrna-Oassaba and Heten- 


sions, 


Indo-Ohina. 


oO 


f 


g 


Question 1. 


Reply. 
No 
No. 
Pneumatic drills for 
breaking up the 
streets. 
Automatic cranes on 


lorries. 


Tamping with pneu- 
matic hammers. 


Question 2. 


Photo, fig. 12. 


Cutting and drilling|/Photos, figs. 13 & 14, 


rails. 


No. 


Trolleys and hoppers. 


Machines for 
and drilling. 


f 
{ 


adzing 


No. 


Usual types. 


¢« Compagnie Alsacien- 
ne » type. 


ve - 


No. 


No. 


No. 


Question 


No. 


No. 


continued). 
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Question 4. 


fery recent trials. 


Re- 


sults not yet studied. 


Question 5. 


No 


Question 6, 


No. 


No. 


Question 7. 


Ingersoll motors. 
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SECON 
FRENCH => ae 
ed x Question 1. ; 
ADMINISTRATIONS. ees Question 2. Question 3. 
Annex. Reply. 
! 10 i 12 13 
State Railways .-. - 4 « a Gangs uniformly dis-|An organisation has}18-metre rails of 
tributed. been set up to check] and 46 ker. per m 
and supervise the; tre with overl 
proper carrying out] on 27, 29 or 31 sk 
of the rules for} pers. 
maintenance. 
A 
b Important stations. 
e 
Rae 
Beat ay Yes. 
e Special watchmen. 
Alsace Lorraine Railways - 
¥ ot a |Gangs of variable No. 18-m. rails of 46 kg 
§ composition not uni- per linear met 
formly distributed. with 27 or 30 sle 
pers per coup! 
; i with overlap join 
A 
b Important stations. 
ce |For signals and elec- 
tric installations. 
i a Yes, 
{ 
‘ B b ; Yes: 
H f t i i 
i ec Special watchmen. on on 
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inued). 
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tion 4. Question 5, Question 6. Question 7. | Question 8. Question 9. 
eee 
id 15 16 Yi 18 , 19 

of road to|lo be determined|Permanent, but ad- Yes. General periodical) Ordinary gangs. 
rang varies| in: accordance| ded to on certain inspection every 
m 5 and 6] with previous} occasions. 2, 3 or 4 years 

of double| coefficients. according to the 

and § to importance of 
m, single the lines. 

with suffi- re 
men so that 
nay have 1 
f double and 
kaa. of sin- 
acic to look 
double and|There are compara-| Permanent gangs Yes. General periodical Ordinary gangs. 
n. for sing-| tive coefficients] augmented dur- inspection every 
ek with 10) applicable to| ing‘ fine weather. 2, 3 or 4 years. 

on impor-) lengths of road 3 

lines, and] of different ins- 

6 men on]  tallations. 
dary lines. 

eee - oe 

s 
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FRENCH = 
: ee Question 1. 
ADMINISTRATIONS. Question 2. Question | 
Annex. | Reply. 
10 u 12 13 
Paris Girdle Railways . . . a Gangs of variable|Shovel packing las] 18-m. rails of 
; composition and| been adopted. on 27 sleeper 
distribution. - overlap joint 
KW j 
b Large stations. 
¢c Given out to contrac- 
tors. 
| a ; Yes. 
Bab Yes. 
] e Special men. 

Ast Railway. a Gangs of variable|Shovel packing has/18-m. rails of 
composition and| been adopted. on 27 sleepe 
distribution. overlap joint 

A 
b No. 
e Metal spans. 
a No. 
B b Yes. 
c Special men. 

Midi Railway. . . . 5 = . a Gangs of  yariable|Shovel packing has|22-m. bull-headi 
composition and| been adopted. 44 ker. per 
distribution. ; metre, wit 

sleepers. 
A ‘ 
-b Large stations. 
ec No 
a No. 
‘ B b Yes o 
e No. oo 
i 


yntinued). 


ee 


T (continued). 


en el 


juestion 4. Question 5, Question 6. Question 7. Question 8. Question 9. 
KK 
id 15 to | 7 jl 1s 19 

| 
n, of double No. Permanent size, Yes |General inspection] Ordinary gangs. 
ek with 7 men. added to if ne 

eessary. 
> 6 km. with No, Permanent size. ¥es. ‘General inspection.}| Ordinary gangs. 
to 5 men, added to if ne 
essary. 

| 

} 
» 8 km. double No. Permanent compo- Yes. General periodical Ordinary gangs. 
id 7 to 8 km. sition added to inspection every 
ngle, track, or if necessary. | 3 or 4 years. 
to 4 km. on ‘ 
rable track, and 
to 5 on single} _ 
scording to the | 
nes, 
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1 


Paris-Orleans Railway. 


Nord Railway . 


Paris, Lyons & Mediterranean 
Railway. 


Question 1. 


Annex. 


10 


Reply. 
ll 
Gangs uniformly dis- 


tributed but not of 
fixed composition, 


Yes. 

No. 

No. 

Mies: 
Special watchmen. 


Gangs uniformly dis- 
tributed. 


Being tried. 


|In case of need, not 
as a rule. 


No. 
Yes. 
No special watchmen. 


Gangs uniformly dis- 
tributed, 


“SOx 


Special men. 


Question 2. 


Shovel packing. 


Reduction 
length 


each gang. 


of 


allotted to}. 


Question 3 


13 


16.51-m. rails, 45 
and 55 ker. for ¢ 
nels with 27 | 
pers+ and 
joints. 


Standard 18 m. 
of 46 ker. 


the] 18-m. rails of 46 
with overlap jo 


over 
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‘ (continued). 


uestion 4. Question 5, Question 6. . Question 7. Question 8. Question 9. 
es 
4 t 10 li {5 ly ! 
i km. double; No. Permanent compo- Yes. General periodicai] Ordinary gangs. 
to 10 single siticn. Added to revision every 2, 
ok if necessary. 3 or + years. 
wk roads =|Number of points|Vixed gang during Yes. General periodicas} Ordinary gangs. 
km. single} per length of| the winter. Ad £ inspection, 
ek with 9men.| road: 1 single} ded to in sum- 
oads =11km) slip per 100 m.| mer. 
id. of road. 1 double 
slip per 300 m. 
of road. 
m. of double} We use simpie}/Permanent compo- Yes General periodical] Ordinary gangs. 
ck with 6! coefficients. sition. Added to inspection every 
ne : if necessary. 3 to 6 years. 
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1 


Bouches-du-Rhéne Railacays and 
Tramways. y, 


Tarn Departmental Tramways. 


Somain to Angin and the Bel- 
gian Frontier Railway. 


Sud-Ouest Railways. 


SEC 


A 


Cu 


a 


Question 1. 


Reply. 
1] 


Uniform gangs distri- 
buted as convenient. 


Special men. 


tributed. 


Gangs uniformly dis- 
tributed. 


Gangs uniformly dis-| 


No}, 

No. 

No. 

Yes. 
Special watchmen. 


\ 


i 
Question 2, Question 3. 


j2 ier 

No. Rails of 34.4 ker. 
6 to 8 sleepers 
couple. 

No. Rails of 20 kgr. y 
16 sleepers per ¢ 
ple. 

No. 12-m. rails of 32.41 


with overlap jo! 
and 16 sleepers. 


Question 6. 


Permanent compo- 
sition. Added to 
if necessary. 


ith 5 men. No. 


Permanent gang: 
added to it ne- 
cessary. 


ith 5 men.|N = 1.3 L + 2.5/Permanent. Added 

p. + _ 0.5 h.,| to if necessary. 
when N = num- 

ber of men, L = 

length of single 

track, P = num- 

ber of junctions, 

stations, ete., 


= length “at 
tracks in sta- 
tions. 
ith 4 men, No. Permanent. Added 


to if necessary. 


Question 7. 


Yes. 


Yes. 


Yes, 


Question 8. 


1s 


Walking the length 


Walking the lengti\ 


Walking the lengiii 


Walking the length 


Question 9. 


No. 


Ordinary gang. 
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FRENCH - 
ts eee Question 1. 
ADMINISTRATIONS. 1s Question 2. Question 
Annex. Reply. 
i 10 mw 12 13 
Société des Transports en com- 
mun de la région parisienne, 
Algerian State Railways... a |VFixed gangs. Varia- No. 12-m. rails of 
ble distribution. with 17 sle 
A 


b No. 
e Metal spans. se tag 
a ; Yes. 
b Yes, oo oe 
e Yes. : oe oo 


Paris, Lyons & Mediterranean 


a |Composition of gangs No. 1$-m. rails 
Railway (Algerian Lines). i 


fixed. Distribution 18 to 24 slee 
variable. 


A 
b No. on sen 


c Special watchmen. Es B. 


No. ot cae 


¢e Special watchmen. ne 


a Fixed gangs. fixperimental  increa-|]12-m. rails of 4 
Variable distribution.) ses’ of length per] with 16s 
gang, transporting] overlap joint 
the men by wagon, 
would seem to give 
good results. 


Tunisian Railway Company . 


“b No. oe ase 


c No. as = 
a No, aa a 
b Yes. ae — 


| 
) 
) 
| 
: 


¢c Special watchmen. one oe 
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lestion 4. Question 5, Question 6. Question 7. Question 8. Question 9. 
\ 
es 
ir) 15 5 16 17 1s 19 


1 


. ‘ 14 
General inspection. 


with 6 men. No. Permanent. Added Yes, General inspection.| Ordinary gangs. 
to when required 


with 5 men. No. Permanent. Added Yes. General inspection] Ordinary gangs. 
to when needed. and walking ac- 
cording to the 
lines. 
with 4 men. No. Permanent. Added Yes. General inspection] Ordinary gangs. 
to when needed. every 3 to 4 
years. 
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French Oolonial Railways in 
West Africa. 


Dahomey Railways . 


Damascus-Hamah and Eaten- 
sions. 


Smyrna to Oassaba and Haten- 
sions. 


Indo-China . 
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Annex. 


= 


ee a ee 


> 


2 


iO 


on ® 


2 


Cenc 


© 


a 


fc) 


load 


ao 


Question 1. 


| Reply. 
il 


Fixed gangs.  Uni- 


form distribution. 


Fixed gangs. Variable 


distribution. 
Special watchmen. 
No. 
No. 
No. 
No. 


Uniform gangs. Va- 
riable distribution. 


Uniform gangs. Va- 
riable distribution. 


No. 
Metal spans. 


Metal spans. 
Yes. 


Special watchmen. 


Uniform gangs, Va- 
riable distribution. 


No. 
No. 
Metal spans. 
Yes. 
Special watchmen. 


Question 2. 


i 


No. 


No. 


|9.155-m. rails 


Question 3. 


13 


Rails of 30 ker. 
metre with 
sleepers. 

8-m. rails of 22 
with metal slee 


ker. with 11 1 
sleepers, 


11.60-m. rails of) 
kgr, 14 metal ¢ 
pers. 


l7-m. rails of 
with 17 slee 


no : 


a 
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continued). 
XT (continued De 
Question 4. Question 5. Question 6. Question 7. Question 8. Question 9. 
14 1b 16 7 ‘ 18 19 
No. No. Yes. Walking the 

m. with 8 men. length. 
m, with 4 men. No. Permanent. Added Yes. Walking the 

to when needed. length. 
1/2 to 10 km. No, Permanent. Added Yes. General inspection] Ordinary gangs. 
6 to 7 men. to when needed. and walking the] ,.. 

= length. 

km. with 6 men. No. Permanent. Added Yes. Walking the 

to when needed, length. 
m. with 8 men. No. Permanent, Added No. General inspection.| Ordinary gangs. 

to when needed. 


FRENCH 


ADMINISTRATIONS, 


State Railways . 


Alsace-Lorraine Railways 


Paris Girdle Railways . 


Est Railway 
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Question 10. 
20 


Preparing sleepers 
at special whar- 
ves. 


Preparing sleepers, 

tarring the « ma- 
terial » in tun- 
nels. 


Destroying weeds 
by ¢ Occisol >. 


Sleepers prepared 
in the yard. 


Ballast cleaned by 
hand, mechanical 
means having 
been employed 
only for a short 
time. 


No. 


Question 11. Question 12. 


22 


No. Yes. 


No. 8 hours. 


No. 8 hours, 


Bonuses at the ge- 8 hours. 
neral inspection. 


TAR 


SECO? 


| 
Question 13. 
23 


Work is recko 
by the statute 
hours, but wi 
men have to ti 
vel more th 
5 km. they 
ceive an allé 
ance equal 
15 minutes we 
per km. 


Work is reckoi 
by the statute 
hours, but w 
men have to f 
vel more tl 
5 km. they 
ceive an all 
ance equal 
15 minutes wi 
per km. 


Work is reckon 
by the statuti 
hours, but wl 
men have to t 
vel more th 
5 km, they 1 
ceive an all 
ance equal 
15 minutes w 
per km. 


Work is recke r 
by the statuto 
hours, but wl 
men have to 
vel more th 
5 km., they 3 
ceive an allo 
ance equal \ 
15 minutes we 
per km. 


IV—77 
continued). 
| 
RT (eontinued). 
Question 14. Question 15. Question 16. Question 17. Question 18. 
2 EE EE 

24 25 26 27 25 

No. No. No. No. Free choice for lower 
grades, whom the 
section foremen train 
by lectures and dis- 
tribution of books 
and diagrams. 

No. No. No. A chart is kept for} Free choice of men. | 

each gang. Examination for gang 
and district fore- 
men. 

No. No. No. No Foremen are appoint- 
ed by competition, 
but must first und- 
ergo a course of 
instruction. 

No. No No No. Foremen are appoint- 

ae cals ed by competition, 
put must first und- 
ergo a course of 
instruction. 
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SECO} 
FRENCH += 
— "y 
ADMINISTRATIONS. Question 10. Question 11. Question 12. Question 13. 
1 2 21 22 23 

Midi Railway. . . . . . . | Sleepers are pre- No. 8 hours. Work is reckon 
pared, and bolts by the statutot 
and serews tarr- hours, but whi 
ed. men have to ti 

vel more thi 
5 km., they 1 
ceive an allo 
ance equal 
15 minutes wo 
per km. 

Paris-Orleans Railway. . . . | Sleepers are pre- No. 8 hours, Work is reckon 
pared, and bolts by the statuto: 
and screws tarr- hours, but whi 
ed. é men have to t 

vel more thi 
5 km., they f 
ceive an allo 
ance equal 
15 minutes wo: 
per km. 

Nord Railway. . . . . .- - Sleepers are pre- No. «. _8 hours. | Work is reckon 
pared, and bolts by the statuto 
and screws tarr- hours, but whi 
ed. 1 men have to t 

; vel more thi 
5 km., they 1 
ceive an allo} 

z ; ance equal 

15 minutes we 
per km. 
ve 

Paris, Lyons & Mediterranean Preparation Yo. 8 hours. ° . : 

nate: of sleepers. : ale Work is reckon 


by the statuto 
hours, but 
men have to 
vel more thi 
5 km. they 7 
ceive an- alloy 
ance equal — 
15 minutes wo 
per km. 


Iv—79 
tinued). 
(continued). 
uestion 14. Question 15. Question 16. Question 17. Question 18. 
LS sD | | 

24 % 26 21 28 

NO: g No. No. No. Free selection and el- 
mentary examina- 
tion. 

No. No. No. No. Free selection and el- 
mentary examina- 
tion. 

No, Men who have bicy- No. Charts of the progress} Free selection and el- 
cles get a fixed al- of the work. mentary examina- 
lowance. tion. 

No. No. Increase in depth of/Gang foreman’s an-} Examination for dis- 

ballast. nual chart. trict foremen who 


are authorised to 
attend a course of 
instruction at tech- 
nical schools, half 
the fees being paid 
for them. 


a 
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FRENCH 
ADMINISTRATIONS 


1 


Bouches-du-Rhéne Railways 
and Tramways. 


Tarn Departmental Railways . 


Somain to Anzin and the Bel- 
gian Frontier Railways. 


Sud-Ouest Railways. 


Société des Transports en com- 
mun de la région parisienne. 


Question 10, 


20 21 
No. No 
No. No 


Preparing sleepers. 


SEC 


Question 11. 


No bonuses. 


Question 12. 


22 


8 hours. 


8 hours. 


8 hours. 


8 hours. 


Question 1 


23 


Work is reek 
according to 
tutory hours 
when men 
to travel 
than 5 km 
receive an a 
ance equal ¢ 
minutes worl 
km, 


Work is reck 
according t 
tutory hour 
when men 
to travel 
than 5 km. 
receive and 
lowance aqu 
15 minutes ° 
per km. | 


Work is reck 

~ according to 
tutory hour 
when men 
to travel © 
than 5 mm. 
receive an a 
ance equal 
15 minutes 
per km. 


Work is reck 
according te 
tutory hour: 
when men 
to travel 1 
than 5 km 


ontinued). 
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T (continucd). 


Question 14. 


a 
24 ; 25 26 27 28 
No. Workers get 10 fr. per No. No. Jompetition between | 
7 month for upkeep men. 
of bicycle. 
No. No. No. No. Competition between | 
men, | 
No. No. No. No. Free choice and selec- | 
tion. 
No. No. No No. No. 
No. No. No, No. No. 


Question 15. 


Question 16. 


Question 17. 


Question 18. 


90 
IV—82 


TA 


SECO! 


FRENCH 
ADMINISTRATIONS 


Question 10. Question 11. Question 12. Question 1359 


1 20 21 22 23 


Algerian State Railways. . . No. No. 8 hours. Work is recko 
according to § 
tutory hours, 
when men hi 
to travel 
than 5 km. t 
receive an alli 
ance equal 
15 minutes y 
per km. 


Paris, Lyons & Mediterranean No. No. 8 hours. Work is reckol 

Railway (Algerian Lines). according to $) 
tutory hours 
when men hi 
to travel m 
than 5 km. t 
receive an alli 
ance equal 
15 minutes wi 
per km. 


1 


| Geer cy c 
| Tunisian Railway Company. . Preparation ‘of No. 8 hours. Work is reckol 
sleepers, and tar- according to § 

ring of screws. tutory hours. 

; when men ! 

to travel 
than 5 km. # 
receive an all 
ance equal 
15 minutes W 
per km.. 


mn 


French Colonial Railways in No. No. 
West-Africa. 


Dahomey Railways . ee tL Preparation of No. 10 hours. No. 
sleepers. 


Damascus to Hamah and Hzx- No. No. 10 hours. No. 
tensions. 


Smyrna-Cassaba and Haten- No. No. 9 1/2 hours. 
sion. 


Uio-OPAnGis -Gstnc we ces Wey Ge No. Nous 9 hours. 


IV—83 
tinued). 
(continwed). j 
Jestion 14. Question 15. Question 16, Question 17. Question 18. 
TT Tn _—_—_—__—_—_—_—__————— 
No. No. No. Chart of the progress} Free choice, selection 
of the inspection. and examination. 
The certificate of so- 
me schools is taken 
into consideration. 
No. No. No. No. Free choice, selection 
: and examination. 

: ‘ The certificate of so- 
me schools is taken 
into consideration. 

; been tried, No. No. No. The administrations 
at Tunis have a 
school for the edu- 
eation of district | 
and gang foremen. 

No No No. No No 

No. No. No. No. No. 

No. No. No. { No. No. 

No. No. No. } No. Free choice, selection 
and examination. 

No. No. No. No. Free choice, selection 
and examination. 


ITALIAN © 
ADMINISTRATIONS. Question 1. 
Annex. Reply. 
1 : ; 
State Railways... . . .- d  |Motor-driven tampers 


on lorries. 


f Trains of lorriés and 
hoppers. 


gv 
‘i Dressing and drilling 
the sleepers in the 
shops. 
Motor-driven tools 
mounted on lorries. 
n 


A special machine pa- 
: tented in Switzer- 
land is used mount- 
ed on a wagon, and 
hauled by an en- 
gine, 


VF 


Question 2. Question ; 


4 5 


See photo, fig. 3. |90 000 lives the 
set. 


Each lorry 
15 000 lires. 
hopper about 
lires. 


- 


Question 4. : Question 5. Question 6. Question 7. 


SS 


40 % saving. i cae Petrol ae set, moved 
every km. 


i 7 oo Chiefly to effect inspec- 
tion rapidly in mala- 
rial districts. 


40 % saving. 


14 
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SE 
ITALIAN i —— 
Question 1. 
ADMINISTRATIONS. Question 2. Question 3 
Annex. Reply. 
T 10 TI 2 13 
State Railways . . .\. + ; a  |Gangs non-uniformly| The whole upkeep of/18-m.rails of 46 
distributed. the road has been| per Jinear | 
placed out to con-| but for tun 
tract and an appre-| special type 
ciable saving has| ker.rails. O 
been effected. joints, 25, 26 
A sleepers per 
All sleepers hé 
le plates, 
b |In the main stations. a 
e No. 
a No. 
B b Yes. ant a 
© Special watchmen. 
SH 
ITALIAN 
ADMINISTRATIONS. Question 10. Question 11. Question 12. Question 
1 20 21 22 23 
State Railways . Sleepers are prepar-| Piece work is de-*} 8 hours. Begins on 
ed in the shops. clined. at the job. 
Shovel packing is ‘Bonus work is 
used, being tried. 
Sifting (or sorting) 34 000 lires. 
the ballast. ; 
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‘ontinued). 


(E. 


Question 4. Question 5, Question 6. Question 7. Question 8. Question 9. 
Sa SS FS SR SR | 
. 14 6) 16 li 1d 19 
7 km, on both Co-efficients are Permanent. In cer- Yes. General periodical|Usual gangs andl 
uble and single} used to determine} tain cases the inspection, ac-| contractors. 
ack with 10 to} the size of the| maintenance is cording to the li-| 
men as the} gangs, reducing} given out to con- ne every 4, 3 or 
se may be. to a_ certain) tract. 2 years. 
length of road 
the different ins- 
tallations. 
| 
[ (continued). 
Question 14. ; Question 15. Question 16, Question 17. Question 18. 
susineiiaindsaniiiahdieamamaaiattmaaimiimeariaaemisimemsieemmnememmimemsmemaiemeeememmtammmmeeemmemeeeeeedasmteatemememeenmmeismmmmmnn tareemammemtee hdhamesmmemmsnmeettementiaeeemntereeanemE Tama 
pa 2 26 l a 26 
: } | 
NO; No. Impregnating sleepers No. | Free selection for lo- 
and galvanising wer grades.  Dis- 
screws. trict and gang fore- 


| 

men by examination, 

| The Administration 
will supply suitable 

| books. 
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TA 
PORTUGUESE = 
eee Question 1. 
ADMINISTRATIONS. Question 2. Question 3. 
Annex. Reply. 
i 2 3 4 5 
Portuguese Railway Company . g Dressing and drilling 
machines for slee- 
pers in the shops. 
SECO 
PORTUGUESE = 
= uestion 1. 
ADMINISTRATIONS. : Question 2. Question 3. 
Annex Reply. 
1 lu i 12 13 
Portuguese Railway Company . a |Gangs of variable size|Stone crushing ma-|18-m. rails of 45_ 
according to the| chines, and quadri-| per linear m 
traffic. cycles for the men,| with 26 sleeper: 
\ have heen bought 
2 recently. 
b No. 
e On or at bridge. 
a |Bridges and tunnels. 
Beeb Yes. 


The same gangs. 


PORTUGUESE 
ADMINISTRATIONS. 


1 


Portuguese Railway Company . 


Question 10. 


Preparation 
sleepers’ in the 
shops. © 


20 


Question 11. 


21 


of| A premium of 
3 300 escudos is 
allotted to fore- 
men of gangs 
which work the 
quickest and 


best. 


Ay Question 12. 


22 


8 hours. 


Question 13 


23 


Reckoned from 
rival on the 
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tT. 
| 
Question 4. Question 5. Question 6. Question 7. 
0 | 8 | 9 
50 %. es Saving in labour. Yes. 

AT. 
Question 4. Question 5. Question 6. Question 7. Question 8. Question 9. 

14 15 16 nN 18 19 
km. for double No. Permanent gangs, Yes. General inspection No. 
rack and 10-km, reinforced by ca- co twice a year. 
ingle track with sual labour. 
and 7 men. 


XT (continued). 


Question 14. Question 15. Question 16, Question 17. Question 18. 
24 2 26 27 ] 2S 
No. No. No. No. Free election of lower grades, after 
selection. 


Persons in authority must attend the 
official technical schools for their 
particular course of instruction. 


[ 624. 134 ] 


REPORT No. 5 


(Germany) 


ON THE QUESTION OF IMPROVEMENTS IN THE STEAM LOCOMOTIVE (SUB- 
JECT VI FOR DISCUSSION AT THE ELEVENTH SESSION OF THE INTER- 
NATIONAL RAILWAY CONGRESS ASSOCIATION) (‘) (2), 


By R. P. WAGNER, 


Reichsbahnoberrat, Deutsche Reichsbahn Gesellschaft (German State Railway Company). 


* Figs. 1 to 46, pp. lul to 144, 


SUMMARY. 


Possibilities of improvement by elabo- 
rating the theoretical principles, by fur- 
ther developing existing details and by 
perfecting constructional methods. 

Increasing the pressure in normal loco- 
motive boilers. Raising the degree of 
superheat. The progress of superheater 
design and the basis of the present form. 
— Suggestions for the more accurate 
determination of boiler dimensions. —- 
Adaptation to superheating of other parts 
such as regulators, valves, pistons, cyl- 
inders, pressure equalisers, etc. Econ- 
omising in steam consumption. Princi- 
ples to be observed in regard to valve 
motion. Simple and multiple expansion, 
two and three cylinder simple locomo- 
tives. 

Progress in methods of lubrication to 
meet the increase in steam temperature. 

Preheating of feed water by combus- 
tion gases and by exhaust steam. —- De- 
velopment of accessories required with 
feed water heating. Recovery of con- 


densate, sludge separators. 
tained. 

improvement in the Stephenson type of 
locomotive must be considered under two 
heads. Firstly, there are the results 
which can be attained by elaborating the 
theoretical determination of the data ne- 
cessary for designing a new locomotive, 
with a view to replacing purely empirical 
determination by definite command over 
all the functions involved. Then there 
are improvements on the practical side 
and in the direction of greater efficiency 
of energy transformation. 

In spite of its long period of develop- 
ment, the locomotive even today remains 
at a stage where the complex relations of 
the individual factor necessitate basing 
the design on accumulated experimental 
data. The difficulty of working with 
numerous variables compels the designer 
to rely largely on the results of tests. 
Only when the research engineer has 


Success at- 


———— 


(1) This question runs as follows: « Improvements in the steam locomotive. 


pressures and higher superheats, 
connected with superheating, 
valve gears. » 

(2) Translated from the German. 


I—8 


Tnereased 


Improvements in the design of superheaters and parts 
Feed water heating and air preheating. 


Improvement of 
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cleared up the many problems that lie 
before him will it be possible to design 
a new locomotive, with the assurance 
that its maximum performance can be 
foretold accurately. The following dis- 
cussion of the various items will indi- 
cate how far the Deutsche Reichsbahn 
has been successful in solving some 
of these problems on the basis of exact 
research, on better methods of obtaining 
designing data, even though this dealt in 
the first place with isolated factors. 

On the constructional side, the Deut- 
sche Reichsbahn had a special opportun- 
ity of making progress during the last 
few years by reason of the necessity for 
dealing with the operating and economic 
handicap imposed on them by a collec- 
tion of locomotives of the most varied 
types from a large number of hitherto in- 
dependent lines. Standard locomotives 
of the most modern design were required 
with as few types as would be consistent 
with economical working of the extensive 
network of lines. 

Standardisation of the rolling stock as 
a whole, and of component parts manu~ 
factured on an interchangeable basis with 
tolerances to suit operating and work- 
shop conditions, has led to the produc- 
tion of locomotives embodying the very 
latest ideas in modern construction. 

On the Reichsbahn we consider the 
question of improved energy transforma- 
tion along two entirely separate lines, 
both of which have been followed up with 
equal vigour. Firstly, there is the deve- 
lopment of entirely new types by adapta- 
tions from stationary machines; such as 
increasing the pressure to the highest pos- 
sible figure, the use of the turbine and 
with it of condensing; pulverised fuel or 
the Diesel engine. Secondly, there is the 
systematic development of the old types, 
as in the case of the standard locomotives 


already mentioned. Opportunties for ef- 
fective and appreciable progress in this 
direction have been limited during the 
iast 30 years. Compounding, superheat- 


ing and feed water heating have certainly " 


justified themselves by considerable say- 
ings in consumable stores, but further 
success is still possible by giving atten- 
tion to many apparently small details. 
More than 410 years ago the prevailing 
pressure on the Deutsche Reichsbahn was 
12 atmospheres (170.7 lb. per square 
inch), and although this was exceeded 
here and there in particular classes of 
locomotives on the former State railways, 
the systematic use of higher pressures 
was not considered favourably. 
ience with two and three-cylinder locomo- 
tives of types 1 D and 1 E and belonging 
to classes G 8?, G 8° and G 12) showed that 
occasional boiler troubles necessitated the 
pressure being reduced from 44 to 42 at- 
mospheres (199.1 to 170.7 Ib. per sq. 
inch), and that this resulted in an in- 
creased consumption of from 5 to 7 % per 
effective horse-power hour, based on heat. 
units In the coal used. This led to the 
adoption of 14 atmospheres (199.1 lb. per 
sq. inch) and in some cases 16 atmosphe- 
res (227.6 Ib. per sq. inch) for the new 
standard locomotives. It was possible to 
avoid boiler troubles by suitable design 
features resulting in a form of firebox 
end which has not given rise to the slight- 


est misgivings since the first machines of 


this type were put into service. These 
features included almost vertical walls 


with the water space widening out con- 
tinuously in an upward direction to se- 
cure easier escape of the steam hubbles, 
thorough rounding off at all changes of 
section, and careful attention to adequate 


provision for expansion in all surfaces 
exposed to considerable temperature 
stresses. It is inherently difficult to 


Exper- 


ib ee 


1000 


2400 PSe 


Fig. 1. — Saving in heat consumption with a boiler pressure of 16 al. (227.6 1b. per sq. inch) 
as compared with 14 at. (199.1 lb. per sq. inch), 


Explanation of German terms : PSe = Effective Il. P. 


assess accurately the saving obtained by 
using a higher pressure, since in most 
cases this involves comparing machines 
belonging to widely different stages of 
development and in which economies had 
been introduced by other improvements 
also. Hence only a few of the newer stan- 
dard locomotives were available, e. g., se- 
ries 01 of two-cylinder type 2 C 4, with 


which parallel test could be made at boiler 


pressures of 16 and 14 atmospheres (227.6 
and 199.1 lb. per sq. inch). The results 
are shewn in figure 1 from which it will 
be seen that some 4 to 5 % may he attri- 
buted to the higher pressure. The sharp 
drop in the sayings curve with decreas- 
ing load is due to throttling and the in- 
creased heat units per unit of output. 
The absolute magnitude of the saving ef- 
fected will be discussed later; it depends 
very much on the particular locomotive. 
The type used in the above-mentioned 


g* 


tests was the latest design of the Reichs- 
bahn which had a low consumption to 
start with, for which the increased press- 
ure was only partially responsible. 

The increase of boiler pressure has not 
yet reached its limit, although above 16 at- 
mospheres (227.6 lb. per sq. inch) diffi- 
culties occur with ordinary boiler mater- 


jals owing to questions of weight, unless, 


of course, an engine with a greater heat 
efficiency is employed, in which case the 
boiler can be smaller to start with. The 
low-pressure turbine is a case in point. 
For the same output as the 01 locomotive 
already cited, the heating surface is 33 % 
less, and the corresponding reduction in 
weight could be made use of to increase 
the pressure. The table (fig. 2) shows 
that the boiler weight of the standard lo- 
comotive is just about reached again at 
22 atmospheres (312.9 Ib. per sq. inch). 
On the other hand the specific weight is 


102 


lements 


VI—358 
$s 3 3 Numb 
# 3. g 
; E 3 é = > 
3 iB ag es s a ee 
Used on locomotives : a = & = c= s a s 
2 & a3 ie $ oe 3 
as S ove Sai 4 2 5 
fav) op 3 “4 ) 
S 3 a, Sg EI 
& & a mM n 
atm, 2 2 2 2 : m, 
| Sere aktect (a: teak (ed. fa0t) fa, 1600) | ineties) | (inet es 
OL: 16 4.5 238 17 400 125/148 30/38 
(227.6) (48.4) (2562) (183) (1076) 4(5 5/46-5 5/8)| (1 3/16-4 
O41 and second design. . . . .. . 16 4.5 247 17 86 163/171 23/28 
(227.6) (48.4) (2928) (483) (926) 46 7/16-6 3/4)}(15/46-1 | 
Matter turbines" 5 a.) "(0p a reaceenrae eee 22 3.5 160 13 54 429/137 29/36 
; (342.9) (37.7) (1722) (140) (549) 7(5 5/64-5 3/8)|(4 3/461 


increased by from 24 to 36 % as compar- 
ed with a boiler for 16 atmospheres (227.6 
lb. per sq. inch). The figures in lines 4 
and 2 relate to beilers for the same loco- 
motive, the difference being that the sec- 
ond line indicates the further saving in 
weight that can be effected by appropriate 
dimensioning, as will be shewn later. Ne- 
vertheless, the figures show that it has 
already become necessary to adopt special 
measures to enable the Stephenson boiler 
to be retained on a normal locomotive for 
a higher steam pressure. As an example 
of this, experiment is being made with 
new boiler materials for a 25-atmosphere 
(355 Ib. per sq. inch) boiler; the design 
is not yet available for publication. 

The Maffei Locomotive Works have 
proved that a boiler for 22 atmospheres 
(312.9 lb. per.sq. inch) can be successfully 
realised in Germany by the excellently 
designed turbine locomotive T 418 1002. 
The boiler is reproduced in figure 3; it 


does not deviate from the recognised form 
of boiler except in the thickness of the 
walls and the size of the tie bars. The 
saving due to this increase in pressure 
cannot yet be stated since exact measure- 
ments are not available, although numer- 
ous runs have been made. The behaviour 
in service is also of interest, and on this 
point it may be said that the boiler in 
particular has given rise to no difficulties 
of any kind, This result is due in no 
small measure to the application of the 
constructional principles previously dis- 
cussed in relation to the boilers of the 
standard locomotives. Thus the firebox 
has a cylindrical top, vertical side walls, 
strong but flexible staying and first-class 
workmanship. The flat surfaces of the 
back plate above the firebox top are tied 


to the main boiler barrel by cast-steel — 


brackets and four tie bars. 
The boiler weight, however, is 194 kgr. 
per square metre (39.73 lb. per sq. foot) 
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of tubes. ; | 


© 
: 3 
E a ? 
pate. © om ro) ke o 
3a S ad = g 
38 6 g B 3 
a5 oO =| S 4 
ha a iS | Dn 
= g = 3 
=} 5 2 
be} a > 
mm, m8’ m‘ 
mches) cians [tm | dwn | on a | - [nw (feet & inane) (euler feet) | (cubie feet) 
49/54 43/429 1900 9.45 4.5 
/16-2 4/8) (6 ft. 2 3/4 in.) (828) (159) 
39/70 24/106 1900 10.48 Died 
16-2 3/4) (6 ft. 23/4in.)] (370) (480) 
4.5/56 30/100 4600 7.27 2.98 
e 13/64) (5 ft. 3 in.) (257) (459) 


43 5 ST 157 
(1.45) (37.1) (32.45) 

15.4 35.70 145 ayy 
(162.5) (35.4) (29.70) 

9.9 34 194 365.23..6 
(106.5) (30.5) (39.73) 


© 
5 3) . 
es & Weight compared 
° >) 
5 2 a to 
2 "on See 
) ‘3 =I 
fe = 
3 s S 
: 3 : 
a = 2 
S & : 5‘ 
7 B 
Metric F 
7 kgr. per m2 
(sq. “feet) Umelish) (Ib. per sq. foot) ele eS 


+ 10.6 


+ 34 


of heating surface which is as much as 
36 % more than that of the boiler for 
16 atmospheres (227.6 lb. per sq. inch). 

From the outset more importance has 
been attached to the question of increas- 
ing the superheat than to higher steam 
pressure. This was due to the obvious 
reason that the economies to be obtained 
by superheating are considerably more 
important and can be achieved by com- 
paratively simple means. In order to ap- 
preciate the manner in which this sub- 
ject is now being dealt with, it is essen- 
tial to review its development and the in- 
vestigations that have been made. 

The requirements of the Reichsbahn in 
respect of superheaters are as follows : 


1) The economical production of an 
adequate degree of superheat up to 400° C. 
(752° F.) i. e., with the least possible ad- 
ditional weight and with economical flue- 
gas temperatures. 


2) Moderate first cost combined with 
reasonable maintenance expenditure and 
maximum life. 


3) The superheater must be accessible 
itself and must not interfere with the ac- 
cessibility or efficiency of other portions 
of the locomotive. The limited space on 
a locomotive renders this difficult. 


Several types of superheaters were in- 
vestigated from the point of view of these 
requirements and the results indicated 
the direction in which improvements 
could be sought. 

The close linking in parallel of two 
substantially similar heating surfaces for 
evaporation and for superheating such as 
occurs in most of the smoke tube super- 
heaters now in use, renders a purely ma- 
thematical treatment of what occurs in 
a locomotive superheater extremely diffi- 
cult. This explains why the steam and 
flue-gas velocities have hitherto generally 
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Fig. 3. — Boiler of Maffei turbine locomotive 
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been considered the most important fac- 
tors for designing. 

The required high values could easily 
be obtained by using appropriate cross- 
sections in the horizontal tube superheat- 
er with threefold steam return, like the 
usual design of the Reichsbahn evolved 
from the flue and smoke box superheat- 
ers. For a long time the endeavour was 
made to proportion the heating surface to 
the steam output of the boiler in a simple 
manner by the number of elements con- 
nected in parallel. But the important 
question remained as to which zone is the 
most effective for the actual superheating 
process. It was undoubtedly desirable to 
extend further towards the firebox~in 
order to utilise the high temperature gra- 
dient, but a limit was soon reached due 
to imperfection of the return bends and 
lack of maintenance. The return bends 
which were at first brought to within 
500 mm. (11 13/16 inches) of the rear 
tube plate, and into which the superheat- 
er tubes were secured by a fine thread, 
soon burnt because they were not cooled 
sufficiently by the flow of steam, while 
the flow of heat from them to the tubes 
was impeded by the jointing material. 

As a means of preventing this prema- 
ture trouble on superheaters, the Schmidt 
Superheater Company recommended the 
retention of the dampers used originally 
with flue and smoke tube superheaters 
for the purpose of preventing overheat- 
ing of the tubes when the locomotive was 
standing. But these dampers, which 
should be actuated from the regulator by 
means of an automatic steam cylinder, 
proved troublesome to maintain owing to 
their getting bent and interfering with 
access to the joints. 

In the days of the Prussian-Hessian 
tailways the dampers were given up and 
it was preferred to place the return bends 


600 mm. (4 ft. 41 5/8 in.) forward from 
the firebox. The damage to the tubes was 
certainly reduced, but at the same time the 
superheat fell to about 300 or 320° C. (572" 
or 608° F.). At the time when the only cyl- 
inder oil available was of inferior quality 
and low flash point, this lower superheat 
was undoubtedly very welcome, but as 
suitable oil became obtainable energetic 
steps were taken to improve the condi- 
tions. 

One of the first moves was towards 
better manufacture of the return bends. 
They were stamped out of mild steel and 
joined to the tubes by autogeneous weld- 
ing, and by this construction the above- 
mentioned defects were eliminated. The 
constructional methods of the American 
Superheater Company which soon after 
were introduced into Germany, proved 
even better. The return bends were fa- 
bricated out of the tubes themselves by 
special machinery cheanlv and guickly. 
These bends were satisfactory and paved 
the way for once more advancing the su- 
perheater into the hot zone where it could 
hest fulfil its purpose. 

Exhaustive investigations have shewn 
that the distance of 400 mm. (4 ft. 3 3/4 
in.), as now standard for the larger loco- 
motive of the Reichsbahn, is satisfactory, 
and enables an adequate temperature to 
be attained; the degree of superheat was 
raised to 350° C, (662° F.). 

Whilst the position of the rear return 
bends proved to be of the utmost impor- 
tance for good and economic superheat- 
ing, the Reichsbahn only gradually modi- 
fied the forward bends between the halves _ 
of each unit, until they attained the shape 
and location now customary. For many 
years the original form of construction 
was adhered to, in which the superheater 
tubes were brought forward to the smoke 
box, and both halves were connected, 
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without a cap, by a pipe bend. No doubt 
the underlying idea was to make the heat- 
ing surface of the superheater as large as 
possible, without, however, taking due ac- 
count of the effectiveness of the surface, 
for which in most cases there was no 
longer an adequate temperature gradient. 
Therefore when more generous dimen- 
sioning of the boiler and a smaller spe- 
cific loading led to a reduction of the flue 
gas temperature to the value now usual, 
it was found —- originally in the 1 E 
freight locomotive, class G 12 — that the 
forward closed pair of tubes could be cut 
short somewhere in the zone where the 
gases have a temperature of 360 to 370° C. 
(680 to 698° F.). The superheating was 
not affected and there was a considerable 
saving in weight. 

The result showed that not only was the 
heating surface of the front return bends 
wholly inefficient, but the re-cooling also, 
since the temperature gradient (50° C. 
[90° F.}) was obviously too small and the 
hot steam too sluggish in exchanging heat 
at 12 to 14 atmospheres (170.7 to 199.4 lb. 
per sq. inch). The only marked re-cool- 
ing occurred at the common partition wall 
in the header; in the meantime this has 
been overcome by division into two com- 
partments for saturated steam and super- 
heated steam respectively. Thus we ar- 
rive at the basis form of the present 
Schmidt large tube superheater, as used 
for boilers of 8 to 15 tons steam capacity 
per hour. Its adaptation to boilers of the 
largest sizes now in use or projected will 
be discussed later. 

Reference may be made in connection 
with smoke tube superheaters, to a single 
test made with a chamber superheater of 
the Esslingen type, as shewn in figure 4. 
This does not fulfil the requirements of 
higher gas and steam velocities and strict 
co-ordination of their flow, and conse- 


quently permits temperatures of only about 
280° C. (536° F.) to be reached. The test 
results confirm this. Chamber super- 
heaters have not found any scope in Ger- 
many since they are all subject in some 
degree to the same shortcomings. Never- 
theless, the same arrangement of steam 
pipe connection has been revived in the 
first high-pressure locomotives. 

For small and short boilers it is desir- 
able to have a superheater with smaller 
smoke tubes which would be more suit- 
able to the shorter distance between the 
tube plates. This requirement gave rise 
to the Schmidt medium-tube superheater 
and a similar design by Borsig, which 
were tested in some service locomotives. 
The diameter of the smoke tube is re- 
duced to 100 mm. (3 15/16 inches). A 
tube from the header is divided in the 
smoke box into two branches, which pass 
into the smoke tubes (see figs. 5 and 6) 
and after a single return are connected 
again to a common return pipe. 

The same temperatures were attained 
as with the large-tube superheater, but a 
considerable pressure drop was manifest- 
ed in the unduly small flow and return 
pipes. 

The Borsig superheater similarly makes 
use of 100-mm. (3 15/16 inches) smoke 
tubes, but on the other hand the steam 
has a fourfold traverse as in the large- 
tube superheater, small pipes of 23/29 mm. 
(15/16 and 1 3/16 inches) being used; 
this design, likewise, shewed no advan- 
tages. Still smaller smoke tubes were 
used in the Schmidt small-tube superheat- 
er (see fig. 7), these being 64 to 70 mm. 
(2 1/2 to 2 3/4 inches), and occupying 
the whole tube space: it was tested in 
some tender locomotives. The chief ob- 
ject of this design is the avoidance of un- 
equal flue-gas velocities in the smoke 
tubes and fire tubes, by using all or near- 
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Fig. 5. — Schmidt medium-tube superheater. 


Ewplanation of German terms in figs 4 and 5: Grundriss des Stiitzrohres = Plan of stay tube. 
Gestreckte Rohrlinge = Length of tubes. 
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ly all of the tubes for superheating. Each 
smoke tube contains a single superheater 
loop of 19 mm. (3/4 inch) internal dia- 
meter pipe, but three or four loops are 
connected in series. The degree of su- 
perheat should accordingly be reached 
more quickly than with the large-tube su- 
perheater. A unit of this type is difficult 
fo assemble and dismantle, and from the 
outset presents obvious drawbacks in op- 
eration. Further, the resistance to the 
passage of the gases of combustion was 
considerable even with the comparatively 
short boiler, and required the provision 
of a more powerful blast. A final reason 
for the decision of the Reichsbahn not to 
proceed further with this type, was that 
it became evident that a normal large- 
tube superheater in which the superheat- 
er pipes had been increased in thickness 
from 30/36 mm. to 30/38 mm. (from 
1 3/16-1 7/16 inches to 1 3/146-1 1/2 
inches) gave the full superheat more 
quickly, due to the equalising effect of 
the larger mass of iron. 

In the main, therefore, attention was 
directed to improving the type of super- 
heater that had already become the regu- 
lation pattern, with a view to attaining a 
further increase of superheat by simple 
means. 

_ Tests were made on elements of the 
type proposed by Platz-Jakobsen. In this 
design the steam is led to and fro in two 
concentric pipes placed in a smoke tube 
of normal size, see figure 8. Recognising 
the considerable cooling at the border 
zone of the smoke tube due to water, the 
saturated steam was admitted to the out- 
side jacket, and the hot steam was led 
back again in the centre of the hot stream 
of gas. But in this way the steam and gas 
flow in the same direction so that too 
little heat is extracted from the latter. 
An experiment with single units gave no 


better thermal effect than the regulation 
type, and there was, therefore, no reason 
to depart from the latter. 

‘The same remarks apply to the con- 
struction shewn in figure 9; although 
this is based on correct theoretical ideas 
the results attained do not justify its 
cost. According to the scheme of the Eva- 
porator Company the steam follows a ° 
spiral path to and fro in one pipe. The 
pipe is divided by a spiral partition into 
two ducts through which steam at widely 
different temperatures flows. The re- 
cooling, which on first thought would be 
feared -from this arrangement, is small 
provided the temperature of the partition 
is maintained high enough to ensure a 
positive heat drop, by being intimately se- 
cured to the outer tube. Although the 
superheating is obtained with a certain 
reduction in weight, this is only obtained 
by using a considerably more expensive 
element. 

The same effect is aimed at in the de- 
signs of Dauner and Uddeholm (figs. 10 
and 44), using spirals of tube placed in 
the hot gas zone. At the most, these de- 
signs offer a more intimate heat transfer 
due to the eddies produced in the gas 
stream, and a small saving in weight, but 
these advantages entail higher capital out- 
lay and a more powerful blast. 

Hence, there was not, in principle, any 
inducement to change the large-tube su- 
perheater in boilers of medium size. In 
fact by using it in various locomotives, 
especially those of large capacity (2 000 
indicated horse-power and over) it was 
possible to collect information of general 
importance. The opportunitv occurred 
of confirming the low superheat tempera- 
tures in the boiler of the 1-D-1 passenger 
locomotive of ‘the former P 10 class, which 
has a heating surface of 220 m? (2 368 sc. 
feet), a distance of 5 800 mm. (19 ft. 3/8 


Fig. 6. — Borsig medium-tube superheater. 
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Schmidtsecher Kleinrohriberhitzer. 


Fig. 7. — Schmidt small-tube superheater,, 


Fig. 8. — Platz-Jakobsen superheater. 
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in.) between tube plates, and in the first 
design a superheater heating surface of 
82 m?® (883 sq. ft.). The working tempe- 
ratures were of the order of only 300 to 
320°. Similar confirmation was obtained 
with the Saxony 1-D-1 locomotive of the 
XX H V class with the same tube length 


(280 to 300° C. (536 to 572° F.). In order 


to remedy this defect the number of su- 
perheater units was increased, experimen- 
tally, from 34 to 41, which, according to 
the usual view meant increasing the heat- 
ing surface to 99 m? (1066 sq. feet). As 
it was possible, however, 


that the fault 


Fig. 9. — Deutsche Hvaporator-Gesellschast’s superheater. 
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might not be traceable to the steam side 
of the superheater, i. e., to the use of too 
few elements, but to the gas side, i. e., 
insufficient gas velocity and inadequate 
supply of heat, an experiment was also 
undertaken with the smoke tube diameter 
increased by 10 mm. (3/8 inch) to 135 
mm. (5 5/16 inches) and only a slight 
alteration of the superheat heating sur- 
face (84.5 m? [910 sq. feet]). 

The investigations showed that the en- 
largement: of the steam, side produced a 
small improvement in the superheating 
without affecting the unequal cooling of 


I—9 


the gases in the smoke tubes and fire 
tubes, and occasioned a considerable in- 
crease in weight. The increased heat sup- 
ply, on the other hand, gave good super- 
heating with practically no alteration on 
the steam side; the better ratio of mean 
free cross-section to wall surface in the. 
case of the larger smoke tubes was clearly 
to be regarded : as the criterion for the gas 
velocity and heat emission. The result 
justified the practical application of this 
experience in the new designs, for which 
an extensive series of tests had provided 
the basis. 
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Accordingly the requirements laid down 
for obtaining increased superheating 
were : 


= 


1. The ratio 7 to be as uniform as 


possible for every smoke tube and fire 
tube in a boiler, 
F, = mean gas cross-section in tube. 
F, = friction surface of walls. 
2. Adherence to the best observed va- 


lues for the actual value of = 


5 
3. The dimensions of the superheater 
heating surface, 7. ¢., the number of ele- 
ments, to be chosen according to the re- 
quirements of the steam side rather than 
the steam velocity. 

Requirements 1 and 3 can be fulfilled 
without difficulty; as regards 2, the 
Reichsbahn endeavoured to work to a 
value of 1 : 400, based on the test results. 

Along these lines il is possible to deter- 
mine dimensions, as of the boiler, for ex- 
ample, without recourse to trial, so that 
one element of the locomotive that func- 
tions satisfactorily is obtained with cer- 
tainty. In this way improvement of the 
whole locomotive is attained by the per- 
fecting of the theoretical determination of 
designing data. 

This knowledge was applied and incor- 
porated in the general design and in the 
individual details, such as the superheat- 
er, of the large boiler shewn in figure 12, 
which represents the latest construction 
for the 2 C 1 standard express locomotive. 

These locomotives were put into service 
as early as 1926. Although the boilers 
were built in accordance with the new re- 
search results they were capable of im- 
provement in regard to heat utilisation 
and especially weight distribution. At 
the outset weight-distribution and the gen- 
eral arrangement of these locomotives in- 
dicated that an unusually long boiler was 


desirable, taking into account the three 
pairs of coupled wheels of 2000 mm. 
(6 ft. 6 3/4 in.) diameter with a very 
heavy firebox behind. But in the first — 
design one hesitated for obvious reasons _ 
to make the tubes longer than usual. 
Hence for the first batch, a tube length of 
5 800 mm. (49 ft. 3/8 in.) and a smoke- 
tube diameter of 135 mm. (55/16 inches) 
were employed, as tried in the P 40 boiler 
mentioned earlier, although this resulted 
in a smoke-box length of 3800 mm. 
(12 ft. 5 5/8 in.). The weight distribu- 
tion was just about satisfactory, though 
the back axle had an ample loading 
of 20 tons. In particular the design 
showed that the limit had been reached 
for the boiler, unless special measures 
were undertaken, in respect of further de- 
velopment, as for example an 8-coupled 
machine with large wheels and with a 
leading 4-wheeled bogie, the retention of 
the latter being undoubtedly desirable on 
account of the steadier running. 

The adjustment of the centre of gra- 
vity by means of the combustion chamber 
was altogether out of the question, since, 
according to German ideas, it is undesir- 
able from both operating and workshop 
aspects. An entirely new line was adopted, 
viz., the use of tubes 6800 mm. (22 ft. 
3 23/32 in.) long. : 

Nothing was altered at the firebox end, 
the boiler body only was lengthened. Bas- 
ed on the three principles set out previ- 
cusly for superheater and boiler, the su- 
perheater pipes were 65/70 mm. (2 9/16- 
2 3/4 inches) and the smoke tubes 162 . 
mm. (6:3/8 inches) and 4 mm. (35/32 inch) 
thick. é 

The diameter of the. smoke. tubes was 
based on the following considerations. 
If the superheater receives. saturated 
steam of sufficient dryness, it is unne- 
cessary for each element to re-enter twice, 
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Fig. 142. — Experimental boiler with tubes 6.80 m. (22 ft. 3 23/32 in.) long. 


Buplanation of German terms: 24 Rauchrohre, etc... = 24 superheater tubes, diameter 162/170 mm. 
(6 25/64 — 6 45/64 inches). — 106 Heizrohre ,etc... = 106 smoke tubes, 65/70 mm. (2 9/16 —23/4 inches). 
Zwischen... = Between tube plates: 6.800 m. (22 ft. 3 28/32 in.). 
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: Fig. 13. — Arrangement of superhealter on experimental boiler. 


Beplanation of German terms: Neigung = Inclination. 


Fig. 14. 


Stationary boiler tests. 
Experimental boiler 2 C 1. 
Locomotive No. 02010: 
Tubelength 6.800 m. (22 ft. 3 23/55 in.). 
Standard boiler 2 C 4. 
Locomotive: tube length 5.800 m. 
(49 ft. 8), in.). 


Explanation of German terms: Abwirmeverluste = Heat losses. — Gesamtdampfmenge = Total weight of 
steam. — Gesamte Verbrennungsverluste = Total combustion losses. — Kesselbelastung = Boiler output. 
— Kesselwirkungsgrad = Boiler efficiency. — Riickstiinde = Residue. — Unverbranntes — Unburnt. 


as in the Schmidt large-tube superheater; divided up by only four superheater tu- 
and further the cross-section of the large- bes. A special distribution resulted from 
tube did not appear to be sufficiently the introduction of six thin- tubes of 
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23/29 mm. (15/16-1 3/16 inches) diame- 
ter and, falling back on the experience 
gained long ago with the Schmidt me- 
dium-tube superheater (see page 107), 
single entry was employed. 

The novel superheater shewn in tig- 
ure 13 resulted. To avoid the re-cooling 
of the superheated steam by ‘the wet steam 
space, through the walls of the header, 
the two spaces are entirely separate in the 
new locomotives, whether fitted with a 
short boiler having a large-tube super- 
heater or a long boiler, see figure 43, 
The connection pockets of the two headers 
alternate like interlocked fingers and 
have openings on the under side for con- 
necting the superheater units. The flan- 
ges, between which are the fixing bolts 
of the superheater connecting pipes, are 
arranged so that the back one is fixed, 
but the front one is free to expand. The 
connections from the saturated and su- 
perheated steam headers pass downwards 
side by side in the approved manner. 
They are vertical at first and then bend 
towards the tube plate forming the head- 
ers for the three pipe loops in each smoke 
tube. The standard size of 39.5- 44.5 mm. 
(1 9/16-1 3/4 inches) has been used in 
crder to avoid throttling on the wet side. 
The three superheater tubes are welded 
into the header pipe, one above the other, 
and the header extends slightly beyond 
the bottom junction and is sealed with 
a spherical cap welded on. This exten- 
sion forms a pocket for the collection of 
the small quantities of rust and scale 
which often come away after a super- 
heater has been in use for years. 

The arrangement described has, in ad- 
dition to its thermal superiority, two prac- 
tical advantages over the usual large-tube 
superheater. It permits of thorough 
drainage after a water pressure test or 
when laying up, and gives good access to 
all parts behind the nest of pipes in the 


smoke-box so that it is even possible to 
blow out the fire tubes situated above the 
smoke tubes. 

The number of superheater units was 
fixed at 24, since that gave the desired 
steam velocity of 12 to 16 m. (39.4 to 52.5 
feet) per second. 

The practical advantages of this new 
superheater construction can now be seen 
clearly in the fact that whereas with the 
above-mentioned steam velocity, the large- 
tube superheater provided 100 m? (4 076 
sq. feet) of heating surface, the new su- 
perheater has only 84m? (904 sq. feet) or 
16 % less with the same efficiency. 

Another appreciable advantage is that 
the bare weight of the new boiler com- 
pared with that of the former regulation 
short boiler is 800 kgr. (1 700 Ib.) less, at 
35.7 t. (35.14 Engl. tons), whilst the ser- 
vice weight is 450 kgr. (990 lb.) greater, 
due to the water space being 1.25 m° 
(44 c. ft.) larger. The comparative par- 
ticulars of the two boilers are given 
in the table, figure 2. The increase in the 
water surface serves a valuable purpose, 
because with an evaporation of 60 kgr./ 
m2?/h. (42.3 Ib. per sq. foot per hour) it 
was possible to reduce the average steam 
velocity to 3.25 m. (10.66 feet) per second 
and thereby ensure that dry saturated 
steam. entered the superheater. This is 
of the greatest importance and is essen- 
tial if the superheater is to perform its 
proper function’‘and not act merely as a 
steam drier. 

In figures 14 to 18 are summarised the 
results of the investigations made with 
the locomotive on the test plant. The 
efficiency of the new boiler falls very gra- 
dually from 78.5 % to 72 %. The corres- 
ponding curves for the regulation boiler 
have been inserted for comparison. They 
show that improvement had been effected 
on practically every figure. 

The tests showed that the advantages 
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aimed at in the design of the boiler had far behaved no differently to other well- 
certainly heen achieved. In regard to me- tried designs. All the new 2 C 4 locomo- 
chanical strength, the new boiler has so _ tives, whether of heavy or light type, are 


Fig. 45. — Temperatures in slalionary tesls. 
Explanation of German terms: Heissdamptkammer = Superheater steam compartment. — Rauchkammer 
hinten (oben) = Smoke box bottom (top). — Vergleichslok = Comparison locomotive. — Versuchskessel = 
Experimental boiler. — Kesselbelastung = Boiler output. — Gesamtdampftmenge = Total weight of steam. 
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Wassersaiile = Column water. 


being built with tubes 6 800 mm. (22 ft. the lighter types, have been designed with 
3 23/32 in.) long in view of the satisfac- a-smoke tube diameter of 110/118 mm. 
tion experienced. (4 3/8- 4 5/8 inches). This has resulted 

In the same way all boilers for the in the attainment of what was always con- 
standard locomotives, as well as those for sidered doubly difficult with small units, 


Fig. 17. — Steam chest pressure as a function of load on boiler. 


Experimental boiler, 
Comparison locomotive. 


Fig. 18. — Boiler efficiency of experimental boiler on running tests. 


(v = about 80 km. [50 miles)). 
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Fig. 49. — Heat consumption of standard locomotives. 
Luplanation of German terms in figs 17 to 19: At = ker. per cm?. — Heizfliichenbelastung = Output 
heating surface. — PSe auf der Wagcrechten = Effective H..P. on the level. — Reihe = Series. 
Schieberkasten = Valve chest. — Wiirmeverbrauch in der Kohle = Heat consumption in coal. — W E 


Thermal units. 


— Zughakenleistung = Powcr developed at drawbar hook. 


i) 


— 


me Uberhitzungstemperaturen im 
in Schieberkasten 


O) 
O 
QQ 


inAbhangigkeit von het j 


Fiz. 20. — Superheat temperatures in steam chest as a function 
of specific output of heating surface. 


Explanation of German terms: Uberhitzungstemperaturen = Superheat temperatures. 
Strecke = On the line. 


namely, a very low coal consumption. 


The actual values of the consumption are . 


given in figure 19. In all of these loco- 
motives without exception a high degree 
of superheat has become possible with a 
low cost of construction. The range of 
superheat obtained is shewn in figure 20; 
most of the locomotives reach the 400° C. 
(752° F.) region. It should be recognised 
that with the use of higher pressure 


steam, as é. g. in the 60-atmosphere (850 
lb. per sq. inch) Schmidt locomotive, the 
superheat likewise can and should be 
taken higher, if it is desired to be sure 
of working above the saturation curve. 
Hence in this case the degree of super- 
heat was taken up to 440° C. (820° F.) 
without hesitation. This experience agrees 
completely with what has already been 
confirmed in stationary plants, that one 
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Fig. 21. — Steam temperatures at mean speed of 35 km. (24.7 miles) per hour. 


Eaplanation of German terms: Temperaturen im Schieberkasten = Temperatures in valve chest. — Pyrometer- 
ablesung = Pyrometer readings. — A. E. G. Kohlenstaublokomotive = A. BH. G. pulyerised-coal burning 
locomotive. — Schnecke in Betrieb = Worm gear in service. — Ausstrémtemperaturen = Exhaust tem- 
peratures. — Kesselleistungsgrenze = Limit of load on boiler. — Leistung am Zughaken auf der 
Wagerechten = Power developed at drawbar hook on the level. 
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Fig. 22. — Heat consumption (in the steam) from 0° C, per effective horse-power-hour 
— including feed pump -— at mean speed of approx. 35 km. (241.7 miles) per hour, 


and varying degrees of superheat. 


Explanation of German terms: PSe auf der Wagerechten (Dampfweg u. -Zeit) = Effective H. P. deve- 
loped on the level (distance and time run under pressure), — Kesselgrenze = Boiler limit. 


can increase the temperature with the 
pressure without difficulties arising; lu- 
brication is not adversely affected. 

It is difficult to ascertain to what ex- 
tent the economies obtained in the new 


locomotives are due to the high super- 
heat, since many different features con- 
tributed to the final result. Some indi- 
cation is afforded by the figures secured 
on test runs with one of the first G8? lo- 


419 
VI—375 


comotives rebuilt for pulverised fuel fir- 
ing —a type already known. The special 
feature of this form of firing, that a 
part of the combustion occurs in the 
smoke tubes, renders it possible to obtain 
higher steam temperatures without alter- 
ing the superheater. Whereas the grate 
fired locomotive had temperatures rang- 
ing from 500° C. (572° F.) at small loads 
up to 360° C. (680° F.) at greater outputs, 
with pulverised fuel the values were 330° 
and 385° C. (626° and 725° F.). The re- 
sulting saving in heat consumption (in 
steam) from 0° C. (32° F.) per draw-bar 
horse-power, is about 5 % ‘between 600 
and 1200 H. P. 

The use of highly superheated steam in 
the cylinders leads in many cases to the 
exhaust temperature at considerable loads 
also lying in the region of superheat- 
ing. It ranges between 150° and 180° C. 
(302° and 356° F.). It is interesting 
to record that figure 19 agrees with 
the facts ascertained by Schmidt, viz.: 
that high exhaust temperatures of this 
kind do not signify any loss, but that 
the saving due to the high initial tem- 
perature preponderates. The chief rea- 
son for this is that for a given press- 
ure the quantity of heat in unit vol- 
ume of steam decreases as the tempera- 
ture increases, up to a certain tempera- 
ture. The limit would just occur with 
150° to 180° C. (302° to 356° F.) dis- 
charge temperature. Figure 23 shows that 
in the majority of the new locomotives the 
range of favourable consumption corres- 
ponds with high initial temperatures. 

Ever since locomotives have heen equip- 
ped with superheaters the isolating de- 
vice in the steam supply from the boiler 
to the engine has taken the form in Ger- 
many of a regulator valve with a pneu- 
matic coupling between the rod and the 


main valve. The features required in the 
control element were : 

Easy operation combined with fine re- 
gulation of the steam supply; passages of 
large cross-section to avoid wasteful 
throttling; low maintenance charges. 
From the beginning the regulator has 
been developed as a wet-steam regulator 
for the reason that it is not then subject- 
ed to the high temperature, and the large 
steam-tight surfaces are preserved from 
distortion. Owing to the small space in 
the dome of the high boilers on the stan- 
dard locomotives, the working out of a 
suitable regulator was particularly dif- 
ficult. 

A regulator of the type in question, of 
the Wagner design, is shewn in figure 24. 
The regulator rod is connected only to a 
small pilot valve. When the valve is 
lifted a difference of pressure is produced 
between -the two sides of the main valve 
and this causes the latter to float in the 
steam in a position which is determined 
by the pilot valve. It is all the more dif- 
ficult to obtain reliable operation of a 
regulator for the large boilers of the stan- 
dard locomotives, on account of the steam 
passages being made very large (200 mm. 
7 7/8 inches) with a view to a minimum 
pressure drop between the boiler and the 
slide valves. 

Perfect utilisation of the energy re- 
quires that precautions shall be taken to 
maintain the maximum pressure within 
narrow limits, which means that the sa- 
fety valve must not blow off prematurely, 
and on tthe other hand it must close im- 
mediately the normal pressure is regain- 
ed. At the same time the great evapora- 
tive capacities of large boilers render it 
essential that considerable volumes of 
steam should be discharged when neces- 
sary, as in the case of a sudden reduction 
of load. Hence it became necessary to 
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Fig. 23. — Specific heal consumption in steam, and exhaust temperature 
as functions of the superheat. 
Explanation of German terms: Warmeverbrauch im Dampf (k cal/PSi: h) = Heat consumption in steam 
(Kgr.-calories/Ind. horse power-hour), — Auspufftemperatur des Dampfes = Exhaust temperature of steam. 


— Dampftemperatur im Schieberkasten = Steam temperature in valve chest. 


resort to using high lift valves. After 
testing a great many different valves the 
Ackerman valve shewn in figure 25 was 
adopted as the standard pattern. 
Whereas in other high-lift valves the 
steam has to deviate twice through an 
angle of 90°, in this valve it changes di- 
rection only twice through an angle of 
45°; this considerably reduces the resist- 
ance to the passage of the steam. Due to 


this and to proper dimensioning of the 
passages to meet the steam flow require- 
ments, it was possible to obtain a high 
discharge capacity with a relatively small 


cross-section. Dynamic lifting action by 


the steam jet is brought into play to en- 
sure that the valve responds at once to 
the smallest excess pressure; to this end 
there is an auxiliary lifting face of conical 
form adjoining the valve face proper. The 
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Fig. 24. — Schmidt and Wagner regulator. 


Fig. 25. — Ackermann boiler safety valve. 


loading spring is enclosed in a chamber 


while the valve 


2 


If 


is still blowing off, the pressure has fal- 
len to the prescribed boiler pressure, the 


this steam can escape. 


in which partially spent steam collects; 
in the normal position of a relief valve 
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valve can be made to close immediately 
if the dynamic pressure is neutralised by 
closing the above-mentioned relief valve 
and thus building up a back pressure in 
the spring chamber. For this purpose a 
second pull line is provided for the « ad- 
justable auxiliary » valve, in addition to 
that for the lever that is used for testing 
the valve. 

Many years of satisfactory experience 
with that type led to the continued re- 
tention of piston vaives with internal ad- 
mission, and Walschaerts valve motion 
with reversing link and stirrup rod, for 
distributing the steam to the cylinders. 
Attention has been given to the improve- 
ment of every detail of the steam distri- 
bution, and one of the chief tasks, 
amongst others, was the adaptation of 
existing valve gear to the increased tem- 
peratures. 

In Germany it is the rule to base the 
cylinder dimensions on a 20 to 30 % cut- 
off in normal service, 7. e., early cut-off 
and economical steam expansion, but to 
give the cylinder the greatest possible start- 
ing power, the valve gear then cutting off 
at 80 to 85 %. Hence the cylinders are re- 
latively large, but within the usual range 
of loading they permit full utilisation of 
the steam. In order that the requisite 
use might also be made of the full boiler 
pressure it was necessary to give the 
valves suitable dimensions. It was pos- 
sible to do this in the case of the series 
of standard locomotives by using two sizes 
of valves. A diameter of 220 mm. 
(8 11/16 inches) was used for the smaller 
locomotives with cylinders less than 
500 mm. (19 11/16 inches) and the larger 
size with 500 mm. (11 13/16 inches) dia- 
meter was employed for cylinders over 
500 mm. Even though throttling at ad- 
mission theoretically denotes no loss, it 
would nevertheless give an unfavourable 


utilisation of the available cylinder vol- 
ume; or else necessitate running with a 
later cut-off than is the case with correct 
valve design, in order to obtain the re- 
quired diagram area. 

The valve bodies move in special sleeves. 
During the last ten years valve sleeves 
with a slight taper had been used and 
pressed in so that the press fit gave the 
necessary steam tightness. But these had 
not been satisfactory. Unless the taper- 
ing was done with extreme care without 
turning down the steel, the sleeves were 
usually tight under the water pressure 
test, but not against hot steam. Therefore, 
in standardising the new locomotives, re- 
course was had to the loose-sleeves that 
had been used earlier and proved more 
successful. They fit into the admission 
chamber with a parallel metallic surface 
that can easily be ground and are made 
tight against the escape of steam by an 
elastic copper-asbestos ring. The exhaust 
boxes which are bolted on the ends of 
the valve chamber press the packing rings 
against the joint surfaces of the sleeve 
and cylinder, equalise small unevenness 
by virtue of their elasticity, and press 
the sleeves against the inner metallic 
joint surface. An example of the valve is 
shewn in figure 26. 

Reference may be made in this connec- 
tion to the working out of the valve mo- 
tion for the multi-cylinder engines, parti- 
cularly the three-cylinder simple freight 
locomotive type 1 E, series 44. A separate 
valve motion has been arranged for each 
cylinder in order to obtain accurate steam 
distribution in all three cylinders. This 
obviates: the defect of link transmission 
from the outer cylinders, which, owing to 
the accumulated « play » has quite a no-— 
ticeable effect on the steam distribution. 
The valve motion for the inside line 
which resulted in shewn in figure 27. An 
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— Piston valve. 


Fig. 27. — Eccentric drive, with intermediate lever for inner valve motion 
of series 44 locomotives. 


eccentric actuates the links through an 
intermediate lever which enables the 
erank-axle to be cleared. 

The question of the cylinder arrange- 
ment for large superheater locomotives, 
i. @., whether compound or simple expan- 
sion, was dealt with for the first time, in 
connection with the new standard locomo- 
tives, on a strictly comparative basis, by 


building exactly similar engines differing 
only in this respect. Of the first 2 C 1 
express locomotives of the standard series 
ten were built as four-cylinder com- 
pounds and ten as two-cylinder simple 
expansion units. 

The cylinder ratio was chosen with re- 
ference to the suitability of the engine 
for working on the contours usual in 


124 
Vi—380 


lowland country, with gradients of about 
5) per 1000 (4 in 200), and was fixed at 4 
to 2.40. 
increase in the output of the low-pressure 
cylinder, with advancing cut-off on gra- 
dients, by reason of the increased press- 
ure in the receiver. The heat consump- 
tion figures given in figure 19 from a 
comparison of both types, show that above 
an output of about 750 effective horse- 
power, the compound engine is better 
than the two-cylinder simple by a maxi- 
mum of 6 %, while at the much more fre- 
quent: smaller loads the twin-simple is 
the more economical. The small differ- 
ence in fuel consumption scarcely justi- 
fies the higher initial and workshop costs 
of the four-cylinder compound units. ~ 

The comparison in the case of freight 


locomotives, type 1 E, of series 43 and 44, ° 


was similar. The last of these machines 
were built as three-cylinder simple en- 
gines and these proved inferior to the 
two-cylinder engine from the thermal 
point of view. This was due to the inhe- 
rently larger amount of energy absorbed 
in the multi-cylinder motions, and fur- 
ther, to the great heat losses in the cylin- 
ders which is a natural result of the large 
ratio between their surface and volume. 
As a consequence the consumption curve 
of the three-cylinder engine rises with 
decreasing load, a circumstance quite in 
accord with the fact that the greater por- 
tion of the losses in the motion, due to 
piston, valve and stuffing-box friction, 
remains constant and, therefore, show 
more prominently at small than at large 
loads. ; 
Hence the two-cylinder arrangement 
offered so many advantages for both the 
classes 2 'C 4 and 1 E over the costlier 
and more complicated multi-cylinder con- 
struction that it was adopted as standard 
for the future, particularly as it is con- 


This ensured the possibility of an. 


venient from the constructional side as 
well. A simplification of this kind must 
be looked upon as a decided improvement 


of the locomotive from the technical op- | 


erating standpoint, even though it entails 
a slight sacrifice in thermal efficiency as 
compared, for example, with a compound 
engine. 

Since the conclusion of the above-men- 
tioned tests in 1927, only two-cylinder 
simple-expansion engines have heen built 
for the Deutsche Reichsbahn. The mo- 
dern application of high superheat has, of 
course, to be taken into account in desig- 
ning the cylinders. In order still further 
to improve steam economy the clearance 
has almost without exception been brought 
down to 9 or 10 %, which is considerably 
smaller than was formerly the rule. This 
implied omitting the form of bye-pass 
valve previously in vogue, since it contri- 
huted largely to increasing the clearance. 
It has, therefore, been developed on the 
lines indicated in figure 28. Two valves 
are arranged immediately above the ad- 
mission ports of the valve liner of such 
a size that the drawing in of fresh air is 
minimised, and in this way the connect- 
ing passage no longer forms clearance 
space on the other side of the cylinder. 
But at the same time the compression can 
be kept within the limits appropriate for 
cushioning action. As shewn by the over- 
all consumption figures, the reduction of 
the clearance space has contributed 
greatly to improved steam economy in the 
cylinders. This naturally calls for very 
careful construction and testing of the 
admission and exhaust laps if loops in 
the diagram are to be avoided at early 
cutt-offs. 


As opposed to earlier designs the piston 


rods are made of the same size on both © 


sides of the piston, in order to minimise 
as much as possible wearing of the cylin- 
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Fig. 28. — Air controlled bye-pass with angle valves. 


der and piston rings. Previous experience 
with rods having the front end of smaller 

' diameter showed that the piston still sag- 
ged too much and thereby gave risa to 
the wear previously mentioned. More- 
over, the front guide bush also was un- 
equally worn, due to the rod bending. In 
addition, the bearing surface of this ‘bush 
was not big enough. 
bush is now generally constructed in ac- 
cordance with figure 29, so that it can 
adjust itself longitudinally to the align- 
ment of the piston rod. 

The introduction of a uniform diame- 
ter for the rods led to a considerable econ- 
omy in the number of sizes of stuffing- 
box. It became possible to work without 
difficulty to 100 mm. (3 15/16 inches) as 
a general rule for all main line locomo- 
tives of the standard range with consider- 
able piston pressures, and to use 80 mm. 
(3 1/8 inches) for the lighter locomotives. 
Hence in the main only two patterns of 
packing glands are necessary. The only 
additional size was for the isolated case 
of the two-cylinder 1 E engines of series 
43 for which a piston rod diameter of 
110 mm. (4 3/8 inches) was unavoidable 
in view of the rod loading of approxima- 
tely 58 t. (STA Engl. tons). 

Years of experience has shewn the su- 
periority for high superheat of cast-iron 
« cellular » stuffing-boxes with combined 
packing and labyrinth glands, as compar- 
ed with glands having white metal rings. 


The front guide. 


Tests were carried out on four designs 


manufactured by : 


1. Messrs. Sack & Kiesselbach, Diissel- 


dorf. 

2. — V. d. Osten & Kreisinger, 
Hamburg. 

3. —  Huhn, Berlin. 

4. —  Klauber & Simon, Dresden. 


The original designs differed not only 
in the construction of the packing rings 
but also in their proportions and in the 
design of the containing box. By com- 
bining their best features, the « split-cel- - 
lular » form of the Reichsbahn, as shewn 
in figure 30, was arrived at. The two 
halves are dowelled and secured together 
by four bolts so that they can be ground 
up to a good metallic fit on the cylinder 
cover. Each contains three cells of stan- 
dard dimensions; the packing rings are 
interchangeable, so that only a few spare 
rings need to be held in stock at each 
depot. 

An important question connected with 
increase of superheat temperature is the 
problem of lubricating the parts that are 
exposed to steam. Side by side with the 
selection of a suitable oil, the develop- 
ment of suitable lubricating devices, in 
particular, has been the subject of lengthy 
investigation. The same oil is still used 
as was introduced when the superheat 
was increased from 280° to 350° C. (536° 
to 662° F.). Its vaporisation temperature 
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Fig. 29. — Forward piston rod a bush. 


is about 400° C. (752° F.) and higher 
when under pressure, so that it will still 
adhere to the surfaces. It is stipulated 
’ that the flash point in an open vessel shall 
be 300° C. (572° F.) but experience shows 
that this is not of so much importance as 
the vaporisation point, since the flash 
point only becomes a consideration when 
there is a possibility of the high-tempera- 
ture oil having a sufficient air supply to 
bring about its combustion. 

The specification calls for the follow- 


ing: 


Specific gravity at 20° C. (68° F.) 0.95. 
Viscosity : 
Engler number at 100° C 

(QAD0 IR) ee awe ecte te over 5 
Bituminous matter. .... under 0.1 % 
Acid value) sea. seme fe () 7 
Ashe Pe coy |e pes, 20 under 0. 
Witter, See ees ranc under 0.2 % 


~The temperatures of the cylinder walls 
and the piston correspond to the mean 
pressure and are, therefore, considerably 
lower than that in the steam chest. Cor- 
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respondingly it is comparatively easy to 
ensure good lubrication in the cylinder, 
but not for the valves. 
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Fig. 30. — Cast- iron packing gland for 100 mm. 


(33 6 > inches) diameter rod. . 
2° F.) broad spring rings could be 
used provided the lubrication was gener- 
ous. This however resulted in very ex- 
cessive lubrication and consequent ‘foul- 


Up to 300° 6. 
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ing and carbonisation of the steam ports, 
cylinders and pistons. In dealing with 
higher tmperatures the endeavour was at 
first made to use valve heads without 
rings by specifying exactly the tolerances 
and grinding temperatures, but at that 
time this could not be put into practice 
as the technique of grinding and measur- 
ing was not able to meet these require- 
ments. To overcome excessive lubrication 
it was necessary to decide first of all to 
give up supplementary lubrication in the 
form of admixture to the steam. In fact 
the oil should reach ihe moving surfaces 
directly as drops under pressure. At pre- 
sent, following various unsuccessful ex- 
periments with valves without rings, as 
already mentioned, valves with narrow 
spring rings of the Davy-Robertson type 
have been introduced. 

In the present standard design each of 
the admission and exhaust edges is made 
tight by two rings. With the introduction 
of better means of introducing the oil the 
difficulties disappeared. At one time 
rams were used almost exclusively for this 
purpose, but now these have been given 
up in favour of oil pumps which enable 
the resistance of the connecting pipes to 
he overcome more easily than was possible 
with the slow movement of the ram plun- 
ger. Nevertheless, the development of ab- 
solutely reliable pumps suitable for work- 
ing against a high back pressure occupied 
a considerable time. Experience indicat- 
ed that such pumps must be capable of 
delivering reliably against a pressure of 
200 atmospheres (2 840 lb. per sq. inch), 
a performance of which most of the 
known types were not capable. The high 
pressure is not required simply to over- 
come the resistance of the clean piping, 
since 25 to 50 atmospheres (355 to 710 lb. 
per sq. inch) at most would suffice if no 
hack pressure existed. Immediately car- 
bonisation occurs the pressure required 
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increases considerably, and diminution of 
the pipe section can actually occur in the 
vinicity of the hot steam chest. 

Therefore, the maximum pressure must 
be fixed at 200 atmospheres (2840 Ib.), 
in which case an ample volume will be 
delivered even against a resistance equi- 
valent to 100 to 150 atmospheres (1 420 
to 2 160 lb. per sq. inch). As the result 
of many tests a Bosch pump of the design 
shewn in figure 31 has been adopted and 
has been found satisfactory. 

Kach element of the pump consists of 
two pistons for delivery and control res- 
pectively, driven by a cam plate so that they 
make two strokes for each revolution of 
the plate and thereby feed two connections. 
The elements are grouped round the driv- 
ing spindle and can be withdrawn for in- 
spection complete with the control and 
pump pistons. A range of indicator 
glasses of the type shewn in figure 32 is 
fitted close to the pump in each of the 
feed pipes to the parts that are running 
steam and these enable the proper feed to 
be checked. ; 

Experience showed that the design of 
the oil pipes and the method of intro- 
ducing the oil are also of the greatest 
importance especially in the steam chest, 
if the pump is situated at a distance from 
the part to be lubricated. As it had to be 
fitted in the cab in order to permit con- 
stant regulation of the feed to each point, 
some of the pipes were as much as 10 m. 
(32 ft. 9 3/4 in.) long. The pipes were 
run close alongside the boiler in order to 
keep them warm and to prevent the oil 
congealing when the air temperature was 
low. Whereas originally 7-mm.(9/32inch) 
pipes were used, in the newest locomo- 
tives it was necessary to go back to 4 mm. 
(5/32 inch) in order to guard against the 
separation in the form of bubbles of air 
that are unavoidably retained in the oil. 
This reduction in section appeared to 
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Fig. 34. — Bosch type oil pump. (Reichsbahn). 
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This re- 


sults in the flow of oil being interrupted 


As soon as 
for a run of up to 100 km. (62 miles) and 


the regulator is shut off and the pressure 
(18.6 miles). 


30 km. 


eam chest disappears, the bubbles 


had been assumed; this air collects into 
expand and force out suddenly a portion _ 


large bubbles in the pipes. 
of the contents of the pipes. 


seldom less than 


in the st 


The de- 


point is always 


able influence 
arbonisation that may sometimes oc-~ 


the surprising fact 


any appreci 
Moreover. 


scarcely 


When the oil has become warm it gets 
oil contained considerably more air than With a view to economy, the provision of 


very thin and is inclined to run out of 
the pipes. ? 
was ascertained from some tests that the 


on the resistance in clean pipes. 


termining factor on this 
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cur at the hot end of the pipes. 
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Fig. 32. — Section of drip indicator. 


Explanation of German terms : Lichtreflektierende Platte drehbar gelagert = Pivot mounted reflector plate. 
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Fig. 33. — Woerner oil check valve, 


Explanation of German terms: Zur Schmierstelle = To point to be oiled. 
Von der Olleitung = From oilpipe. 
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check valves, near the lubricating points 
was, therefore, called for. As the result 
of comprehensive tests the Woerner valve 
shown in figure 33 was singled out for 
extensive use. The difficulties experien- 
ced were mainly in connection with steam 
and air flowing back along the pipes 
which had been emptied by the action of 
air bubbles. The non-return valve in 
each pipe close to the point of feed gives 
a free passage to pressure oil from the 
pump but prevents the hot steam entering 
the pipes. 

The figures of oil consumption testify 
to the successful development of a system 
of lubrication which is more adequate and 
reliable at high temperatures and also 
more economical. Thus the 2 € 1 loco- 
motives of series O 1 now use about 4 kgr. 
of high-temperature oil per 1000 km. 
(14.2 lb. per 1000 miles), while in indi- 
vidual cases of particularly good driving 
the figure is as low as 2.3 kgr. (8.15 lb.). 

Tn addition to the systematic use of ex- 
haust steam preheaters, which were spe- 
cially attractive by reason of the great 
saving they effected for a small outlay, 
exhaust gas preheaters of several designs 
were tested. Amongst preheaters of the 
straight exhaust gas type, mention may 
be made of the Werle, figure 34, which 
consists of a nest of water tubes situated 
across the upper part of the smoke box 
and connected to headers. With this ar- 
rangement it is difficult to follow out 
strictly the contra-flow principle that is 
desirable, and the unequal heating of the 
tubes causes difficulty in keeping them 
tight in the header walls. Neither is it 
an easy matter to bring the whole of the 
flue gases into intimate contact with the 
tubes. On the other hand, the design 
lends itself to ease of erection and dis- 
mantling. The sluggish flow of the gases 
is reflected in the performance. Accurate 


tests on the preheater when working 
under steady conditions in conjunction 
with an exhaust steam preheater, which 
it was intended should complete this part 
of the equipment, showed a saving of 
only 2 to 3 %, and even this figure could 
not be confirmed under service condi- 
tions. As it also proved very difficult to 
keep the tubes free from rust on the oul- 
side and, owing to their U shape, from 
scale on the inside, the design was drop- 
ped. 

The mixed type of preheater of the 
Borsig Locomotive Works shown in fig- 
ure 35 was tested. Its design is based 
on the fact that transfer of heat from the 
combustion gases is increased by wetting 
the heating surface. In these tests also, 
an exhaust steam preheater was employed 
in addition, for the reason that to obtain 
the same result with an exhaust gas pre- 
heater alone would have necessitated too 
large a heating surface. The heating sur- 
face of the preheater is impinged upon by 
a mixture of exhaust steam and flue gases. 
The apparatus — which is accessible but 
unsightly — consists of a cylindrical ves- 
sel placed above the smoke box in the 
position usually occupied by the chim- 
ney. It is pierced by a number of ver- 
tical brass tubes, which in the aggregate 
are equivalent to the chimney. Below the 
tubes the blast pipe terminates in a crown 
of nozzles. The feed water flows compa- 
ratively slowly through the inside of the 
vessel outside the chimney tubes, on the 
contra-flow principle. 

The heating surface is very small in 
this arrangement and high values of heat 
transfer are obtained. It was not possible, 
however, to raise to more than 125° C. 
(207° F.) the water which left the exhaust 
steam heater at 95° to 100° C. (203° to 
212° F.) so that the saving in terms of 
fuel was again in the neighbourhood of 
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Fig. 35. — Borsig mixed gas preheater. 
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2.5 to 3 %. It was quite clear from the 
tests that the upper limit of temperature 
was practically fixed, and would have 
been attained whatever the initial tempe- 
rature might have been. But the appara- 
tus was not satisfactory in view oi the 
initial expenditure and maintenance 
charges involved. The blast pipe nozzles 
frequently became choked and the re- 
moval of scale and rust was troublesome, 
while the hissing sound of the exhaust 
was found to be disturbing. 

Figure 36 shows an experimental de- 
sign of a straight-forward gas preheater 
for connecting behind the exhaust steam 
preheater. The heating surface and avail- 
able temperature gradient for this were 
small, but considering it purely as a uti- 
liser of waste heat, no greater preheating 
was expected from it than about 120° 
(248° F.). This design made use of the 
front portions of the smoke tubes not 


occupied by the superheater tubes and 
by virtually reducing the size of the 
smoke tubes in this region, caused an in- 
crease in the velocity of the gases. The 
equipment is simple and cheap and does 
not appreciably affect access to the smoke 
tubes and superheater elements. It did 
not, however, show any definite advan- 
tages in service because the pipes within 
the smoke tubes, forming the effective 
heating surface, were too short. Never- 
theless, this preheater should be capable 
of development as it is possible to place 
the return lengths of superheater pipe 
still further back, or alternatively, to ob- 
tain the additional space for preheating 
surface by lengthening the boiler. 

The flue gas preheater shewn in fig- 
ure 37, and used in the Krupp turbine lo- 
comotive, showed an appreciable advan- 
tage. The boiler is relatively short and 
the flue gases are initially at really high 


Fig. 36. — Experimental exhaust gas preheater, Head Office of the Reichsbahn. 


temperatures. The preheater which is of 
simple form and does not impede access 
to the tube plate, enabled an addition] 5 % 
of the heat units in the coal to be recover- 
ed from the flue gases. It is now propos- 
ed to conduct further experiments with 
a straight flue-gas preheater on the Maf- 
fei turbine locomotive. 

The experiments so far carried out have 


not created sufficient inducement for the 
general adoption of flue-gas preheaters 
on locomotives of the usual type; but they 
can certainly be used successfully to im- 
prove the boiler efficiency in individual 
cases, if they are adapted to suit the spe- 
cial circumstances. 
The savings of 16 to 20 % in heat used 
for evaporation, that could be confidently 
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expected, promised a measure of success 
for the systematic application of exhaust 
steam preheating which was not attain- 
able by the arrangements already describ- 
ed. Exhaust steam preheaters of service- 
able designs were first at the disposal of 
the Reichsbahn after their main develop- 
ment in 1910-1914. The designs which 
had then been produced, typified by the 
Knorr pump of so-called regulation pat- 
tern and the cylindrical preheater with 
interchangeable U tubes, were incorpor- 
ated in all new and many old suburban 
locomotives up to 1920. In all cases they 
gave considerable thermal economies, 
sometimes greater than was expected. 
This was partly due to the reduced back 
pressure in the blast pipes, which were 
then too small, leading in turn to a fur- 
ther decrease in the heat consumption 
per unit of output in the cylinders. Con- 
siderable value was also attached to the 
practical advantage that the pumps re- 
quired only 2 to 3 % of the volume of 
water they dealt with, instead of the 11 
to 16 % of the boiler steam, as taken by 
injectors. The total evaporation of the 
boiler was correspondingly reduced. 

But neither the pump nor the preheater 
in their existing designs could in the 
long run prove satisfactory. In the case 
of the pump, the reason was that the driv- 
ing portion had been taken from the air 
pump without properly considering the 
diverse requirements of such different 
substances as air and water, particularly 
having regard to the acceleration of the 
latter in long and narrow pipes. Thus a 
different type of valve was needed for the 
steam end of the water pump in order to 
give proper cushioning on reversal of the 
piston, in place of the sudden reversing 
action hitherto used in the air pump. 

The first contribution came from Nie- 
lebock in 1921, whose proposal embodied 


the introduction of the economical com- 
pound working. His work in the direc- 
tion of developing serviceable pumps led 
finally in 1925 to the introduction of the 
Nielebock-Knorr pump as a standard de- 
sign. They were built for the Reichsbahn 
in two sizes for 250 1. and 350 1. (8.82 to 
12.36 cubic feet ) per minute for locomo- 
tives of over 4 800 indicated horse-power. 
For very small locomotives for secondary 
and narrow gauge lines, the further size 
shewn in figure 38 is used, with a capa- 
city of 150 1. (5.2 cubic feet) per minute. 

The new design has considerably im- 
proved the conditions owing to its greater 
suitability for the special requirements of 
water delivery. Figure 39 shows a 250 1. 
(8.82 cubic feet) per minute pump for 
medium-size locomotives. The improve- 
ments have had a particularly marked 
effect in reducing the wear and tear of 
preheaters and boiler feed valves. 

The damage caused to these valves 
would have been still greater but for the 
introduction, simultaneously with — the 
Knorr pump, of a patented valve based on 
the author’s experiments; this is similar 
to that shewn in figure 40. This valve 
has a cylindrical guide on the cone in 
substitution for the web guides used pre- 
viously; this obviates whirling of the 
water and ensures a steady upward flow. 

The construction was again improved 
considerably in 1924-1925 by the ineorpo- 
ration of a cushioning spring in conjunc- 
tion with a corresponding increase of the 
cross-section of the passages; this reduces 
the lift and at the same time the spring 
causes the plunger to approach so near to 
its seat towards the end of the stroke that 
final closing when the water colum re- 
verses is hardly noticeable. 

Coincident with these detailed impro- 
vements the pipe sizes were modified. 
The suction and delivery pipes on the 
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omotive : smoke box with exhaust gas feedwater heater, 
and turbine-driven fan, 


Fig. 37. — Krupp turbine loc 
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large standard engines, for example, hav- 
ing 2500 boiler horse-power, were made 
70 and 80 mm. (9/32 and 5/16 inches) 
respectively, in order to reduce to a mi- 
nimum the velocity of the water. 

Scaling up of the bends of the U pipes 
was experienced with preheaters, and this 
partially blocked the pipes, especially if 
the boiler valve was leaky, and hot water 
and steam came back into the preheater. 
The same thing gradually occurred also 
in normal operation. Every possible 
method of cleaning has been investigated. 
Finally successful results were obtained 
by periodically immersing the nest of 
tubes in very weak hydrochloric acid 
(4 %) for 24 hours and then flushing 
them with a jet of water Eventually these 
disadvantages led to the type being aban- 
doned in favour of straight tubes, with 
one tube plate and header free enough to 
enable the nest of tubes to expand. The 
water inlets were so arranged that the 
coldest and hottest water were as far as 
possible from one another, thereby avoid- 
ing temperature stresses in the headers 
and tubes. 

This form of surface preheater is the 
- regulation pattern now used. It has heat- 
ing surface of 13 m? (140 sq. feet) and is 
sufficient for locomotives with 2500 boil- 
er horse-power and over. As furring still 
took place occasionally in the hotter parts, 
it was possible to distribute it uniformly 
and thereby prolong the period of service 
by fitting a reversing cock on the front 
so that the direction of flow of the water 
could be reversed. 

A further improvement of the equip- 
ment was the provision since 1926 on the 
large standard locomotives of means for 
recovering the preheater condensate. 
Formerly there was reluctance to do this 
on account of the small amount of oil in 
the condensate, but this disadvantage has 


been met by inserting an oil separator in 
the return pipe, on the American model. 
At first a cloth filter was used, but since 
the filter cloths caused frequent delays, 


a charcoal filter was subsequently adopt- 


ed with satisfactory results. Figure 43 
shows such a filter; the filter medium 
has to be renewed or cleaned every fifty 
days. The water-carrying capacity has 
been virtually increased by 15 % and at 
the same time a part of the heat in the 
condensate is recovered. The position of 
the preheater is such that the condensate 
can drain back to the header by gravity; 
as shewn in figure 24, it is placed in the 
crown of the smoke-box in front of the 
chimney and immediately above the side 
recesses containing the pumps. 

Another boiler improvement of some 
importance to the Reichsbahn from the 
operating point of view was the combina- 
tion of the preheater equipment with the 
sludge separator shewn in figure 44. The 
feed water from pumps and injectors is 
now delivered tangentially into a whirl 
chamber in the top of the special dome. 
It issues from the outlet in the base as a 
conical spray which is driven against an 
angle-iron grid, and trickling down this 
is raised to a temperature at which the 
particles of incipient boiler scale separate 
out. The grid consists simply of angle- 
sivon facing upwards like gutters so that 
a large surface is exposed for heating the 
water. The resulting sludge consisting 
mainly of the fur-forming particles is 
guided clear of the boiler tube into a 
sump by means of sheet-metal ducts. This 
arrangement, or similar ones which pre- 
ceeded it, has been fitted to 5 500 locomo- 


tives and contributes appreciably to the © 


preservation of the boiler. In designing 
the injector it is necessary to take in ac- 
count the gradual heating up of the water 
in the tender, which due to the heat re- 
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Fig. 38. — Nielebock-Knorr compound feed pump for 150 litres (5.3 cubic fect) per minule, 


Explanation of German terms: Abdampfaustritt = Exit of exhaust steam. — Abdampfeintritt = Entry of 
exhaust steam. — Dampfeintritt = Entry of steam. — Entwasserungshahn = Discharge cock. — Mano- 
meter Anschluss = Manometer pipe. — Schmierpumpe versetzt gezeichnet = Oil pump shown turned over 
Weerner Oelsperre = Weerner oil check valve. 
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L. P. cylinder . . . 77/8 inches g 
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Stroke — . + . 927/32 inches 


Fig. 39, — Nielebock-Knorr feed pump, 250 1. (8.83 cubic feet) per minute. 


Explanation of German terms: Dampfanschluss = Steam pipe. — Entwisserungsventil — Water discharge 


cock, — Oelanschluss = Oil pipe. — Rohr = Tube. — Wasser-Austritt — Exit of water. — Wassereintritt 
= Entry of water. 
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Fig. 41. — Knorr exhaust steam preheater with straight tubes. 
Explanation of German terms: Pumpen (Maschinen) Abdampfleitung = Fxhaust steam pipe of the pump 
(of the engine). Rohre = Tubes. Kondenswasserleitung = Condensate pipe. — Ablasshahn = Drain 
cock. — Wntliiftungsrohr = Air exhaust pipe. 


turned by the condensate may rise to 35°C. of 300 to 350 1. (10.60 to 12.36 cubic feet) 
(95° F.). Messrs. Schaffer & Budenberg per minute. 

have produced a suction injector with a A discussion of the improvement of 
second spill chamber which is capable of normal locomotives by increasing their 
drawing water at temperatures up to thermal efficiency, by the use of more 
about 50° C. (122° F.) and has a capacity satisfactory components, and by other 
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Sludge separating device. 


Fig. 44. 
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Fur die Abnahme zusammengebauter Teile sind die Einbautoleranzen mabgebend [_) 


Fig. 45. — Tolerance instruction sheet for standard locomotives of the Deutsche Reichsbahn. — Boiler. 


Explanation of German terms; Durchbiegung der Gesamtlingsachse senkrecht und wagerecht = Vertical 
and horizontal flexion of the whole of the longitudinal axis. — Zulassige Abweichung = Permissible 
difference. — Winkel = Angle. — Nach Bohrlehre = According to drilling templet. — Messkante = Check 
edge. — Fiir die Abnahme zusammengebanter Teile sind die Einbautoleranzen massgebend = For the 
inspection of assembled parts, the erection tolerances will be observed. 


Gesamtwirkungsgrad in °/o. 


Fig. 46. — Efficiency of standard locomotives. 


Explanation of German terms: Gesamtwirkungsgrad in % = Total efficiency: in %. — Zughakenleistung in 
PSe = Power developped at the drawbar hook in effective H. P. — Reihe = Series. 


means, would not be complete without re- 
ference to the influence of more highly 
developed methods of manufacture and 
maintenance. Much detail work has been 
devoted to this subject during the last few 
. years. Consider for example only the 
production of new locomotives. By spe- 
cifying tolerances which cover all the 
principal dimensions of a part and by 
expert supervision, manufacture is now 
on such a basis that interchangeability 
can be guaranteed. 


Tolerances are issued as complete in- 
structions of the form indicated in the 
example of figure 45. The observance of 
these instructions, and inspection extend- 
ing to each individual toleranced dimen- 
sion, are at the present time matters 
within the purview of the locomotive 
works administration as part of the ful- 
filment of their task. The introduction 
of these methods has contributed to mak- 
ing the standard engines built under it, 
and in which are incorporated the other 


covering the individual 
most economical and ser- 
s in the depots of the 
indication of this may 
curve sheets of figures 46 
include the overall effi- 
to the tender draw-bar 
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pull; they show a maximum of 9 % for 
the express locomotives and 10% for the 
1 E freight locomotives. The curve of 
the latter is bound to be higher, since by 
virtue of their lower speed they take less 
power themselves than the xpress loco- 
motives. 
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REPORT Ne 3 


(Belgium, France, Italy, Portugal, Spain and their Colonies) 


ON THE QUESTION OF ECONOMICAL TRACTION METHODS FOR USE IN 
PARTICULAR CASES (SUBJECT XII FOR DISCUSSION AT THE ELEVENTH 


SESSION 
TION) (*) (*), 


OF THE INTERNATIONAL RAILWAY 


CONGRESS ASSOCIA- 


By O. A. GAEREMYNCK, 


Principal Engine’ in the Traflie Department of the Belgian National Railway Company. 


Fig. 1 to 19, pp. 149 to 182. 


QUESTION XII. 


Economical traction methods for use in 
particular cases as for example: 


A. — Organisation of train services on 
the minor lines of the large systems 
carrying little traffic and of little used 
trains of the more important lines of 
these systems. 


B. — Use of special tractors for shunting 
in smaller yards and for certain work in 
large yards. 


The questionnaire for Question XII 
_ was sent to the Belgian, French, Italian, 
Portuguese and Spanish Administrations 
members of the International Railway 
Congress Association, and replies have 
‘been received from 40. 


QUESTION XII — A. 


Of the replies received, only those 
from the 12 undermentioned Companies 
give any information : 

1—North of Spain Railways. 

2— French State Railways. 

3.— French Est Railway. 

4.— French Nord Railway. 

5.— Paris-Lyons-Mediterranean) Rail- 
way. 

6.— Paris-Orleans Railway. 

7 Tarn Departmental Railways. 

8.—French West African Railways. 

9.— Italian State Railways. 

10.— Reggio-Emilio Railway. 

11.— Vercellesi Tramways. 

12.— Belgian National Railway Com- 

pany. 


(1) This question runs as follows ; « Economical traction methods for use im particular cases, as for 


example ; 


A) Organisation of train services on the minor lines of the large systems carrying little traffic and of 
Wittle used trains on the more important lines of these systems. 
B) Use of special tractors for shunting in smaller yards and for certain work in large yards ». 


®) Translated from the French. 
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The railways numbered 4, 3, 8, 10, 14 
and 12 use no form of power other than 
more or less low powered locomotives 
for lines carrying little traffic or for 
light trains on their main lines. 

The other Administrations have, on the 


bustion engined rail cars. Of these (Com- 
panies some are carrying out tests with 
Diesel locomotives or with Diesel-electric 
rail cars. 

These vehicles are as shown in the 
following table : 


other hand, some steam or internal com- 


i 


Steam Internal Tinsel peed Diesel rail cars 
RAILWAY. calli canal combustion leconictives: OBE with mechanical 
engined rail cars. rail cars. drive. 


a 


French State. 41 in service. 


French Nord. 40 in service. 


2 in service 0. 
the Algerian nar- 
row gauge line. 


(3 ft. 5 3,8 ia.) 


4 in service. Proposed for 


Paris - Lyons - Mediterra- 
Algerian lines. 


nean. 


2 on order 
for use 
in France. 


1 in service 
(metre gauge). 


Paris-Orleans. 


3 in service 
(metre gauge). 


Tarn 


Italian State. 1 in service. Trial proposed. | Trial proposed. 


Belgian National Railway Under trial. 


Company. 


Trial proposed. 


Steam locomotives. 


The French State Railways use six- 
coupled steam locomotives of 40 t. (394 
Engl. tons) weight, 30 of which have 
been arranged to be operated by one man, 
while a similar number are still to be 
altered; they are of an old type dating 
from 1884. 


The Paris-Orleans Railway put into 
service, in 1928, two locomotive brake 
vans (fig. 1); these consisted of old sa- 
turated 2-4-2 standard-gauge express 
locomotives which have been provided 


with side tanks, the tender being con- 
verted into a brake van in addition to 
carrying the coal. A door is provided to 
give access from the brake van to the 
footplate, and in view of this direct com- 
munication between the guard and the 
driver, the operation of the engine could 
be and is satisfactorily carried out by 
one man on the footplate. 

Coal (mixed) is used as fuel. 

The engine, without tender, weighs 
45 t. (44.4 Engl. tons) in working order, 
the theoretical tractive effort at 100 % 
cut off — 6 292 ker. (13870 Ib.), 65 % 


Fig. 1. — Paris-Orleans tank locomotive with van. 


of the theoretical tractive effort — 
4090 kgr. (9015 lb.). 

The total wheel base of engine and 
tender brake van is 15.870 m. (52 ft. 
{ in.). 

The Italian State Railways have 317 
small simple expansion tank engines of 
the 0-6-0 or 2-6-0 type, with two outside 
cylinders, weighing 40 to 50 t. (394 to 
49.2 Engl. tons) respectively in working 
order, the most recent of the 2-6-0 eng- 
ines being fitted with Schmidt super- 
heaters. j 

The Belgian National Railway Com- 
pany has about 40 small simple expan- 
sion saturated tender engines purchased 
between 1888 and 1898. The other ad- 
ministrations do not give any informa- 
tion concerning small engines they have 
in service. : 

Rail cars. 

Steam. 


Of the ten steam rail cars in service 
on the French Nord Railway, two date 
from 1901, and the other eight from 
1908 to 1909, and they are entirely sa- 
tisfactory. 

The Paris, Lyons & Mediterranean Rail- 


way on the other hand has abandoned the 
use of steam rail cars; they only have 
four in service, the last of a group of 
twelve purchased in 1907, and. these will 
shortly be withdrawn on account of the 
high maintenance cost. It is mentioned 
in particular that the water tubes of the 
Purrey type frequently fail in service, 
the tubes burst and rapidly scale up. 

The steam cars on the French Nord 
Railway (fig. 2) consist of a small eng- 
ine and brake van on four wheels, one 
pair of which drive, close coupled bet- 
ween two coaches. When repairs are 
necessary, the engine unit can thus be 
replaced. 


The boiler is of the locomotive type 
with Serve tubes and has no superheater. 

The engines have two cylinders, 
simple expansion in the case of eight of 
the rail cars and compound for the two 
others. Dimensions: 250 mm. (9 7/8 
inches) diameter by 320 mm. (129/16 
inches) stroke for the simple engines, 
and 195 and 250 mm. (73/4 and 97/8 
inches) diameter respectively by 320 
mm. i(12 9/16 inches) stroke for the 
compounds. Walschaerts gear with flat 
slide valves is used. 
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The heating surface is 80 m? (323 sq. 
feet) for the compound rail car 
(66 Serve tubes 50 mm. [2 inches]) ex- 
ternal diameter, 1.545m. (5 ft. 413/16) 
in length and 53.5 m? (576 sq. feet) 
for the simple engines (92 Serve tubes 
2.038 m. (6 ft. 84/4 in.) long. The 
working pressure is 16 and 14 kgr. per 
em? (227.6 and 199.1 Ib. per sq. inch) 
respectively, and the weights in working 
order are 21.8 and 264 t. (244 and 
26 Engl. tons). 2450 litres (539 Brit. 
gallons) of water are carried and 4 150 
kgr. (2535 lb.) of fuel, which is a mix- 
ture of coal and briquettes in equal 
parts. 

The two special coaches weigh 10 t. 
(9.8 Engl. tons) each and accommodate 
58 passengers seated and 26 standing, in 
three classes. The total tare weight is 
therefore 47 t. (46.3 Engl. tons)) that 
is, 560 ker. (1235 lb.) per passenger 
carried. Additional accommodation 
may be obtained by an ordinary 12-t. 
(11.8 Engl. tons) coach for 60 passengers 
on lines on which the gradients do not 
exceed 4 in 200. 

The vehicles are steam heated and 
lighted by oil lamps. 

The rail cars are operated by one man 
on the footplate, the guard having direct 
access from his compartment to the eng- 
ine cab, which is carried on the centre 
unit and is raised so as to aes a 
look out in both directions. 

The maximum speed on the level is 
about 60 km. (37.3 miles) per hour; 
aline 17 km. (10.6 miles) long, of which 
3 km. (3.4 miles) is on an incline of 1 
in 66 is accomplished in 30 to 37 minu- 
tes with five intermediate stops at an 
average speed of 40 to 45 km. (24.9 to 
28 miles) per hour. The maximum 
distance which can be run in normal 
service as governed by the supply of fuel 


and water carried, necessity for clean- 
ing fire, etc., is about 100 km. (62 miles). 

No special difficulty is met with as 
regards maintenance, although, with 
some waters, injectors have to be frequ- 


ently inspected, owing to the small diam- 


eter of the cones. 

The most up-to-date steam rail car 
(figs. 8, 4, 5, 6 and 6bis) is that men- 
tioned by the Paris-Orleans Railway, 
and which was built in 1925. It is fit- 
ted with a Sentinel boiler with an in- 
ternal firebox and straight water tubes, 
inclined to obtain good circulation, of 
solid drawn steel arranged as shown in 
figure 4. The boiler shell is 1.34 m. 
(4 ft. 4 9/16 in.) high and has an out- 
side diameter of 0.826 m. (2 ft. 8 1/2 in.); 
the joints are made with graphited as- 
bestos rings and the boiler is lagged ex- 
ternally. The working pressure is 19.3 
kgr. (275 lb. per sq. inch) and the steam 
is superheated to about 260° ‘G. (500° F.) 
jabout 55° C. (100° F.) of superheat]. 


The fuel (small semi-bituminous coal)» 


is fed semi-automatically. The coal is 
contained in a hopper from which it 
may be passed into the firebox by operat- 
ing by*hand an endless screw; this ar- 
rangement allows the engine to be oper- 
ated by one man. 

Feed water is introduced by a mecha- 
nical pump and by an injector. The 
water from the pump is heated before 
entering the boiler by a feed water heat- 
er which recovers part of the heat lost in 
the exhaust steam. 

The engine has two cylinders, 171 mm. 
(63/4 inches) diameter by 229 mm. 
(9 inches) stroke; distribution is by pop- 
pet valves operated by a cam shaft. The 


pistons drive a crank shaft which drives _ 
the two axles of the driving bogie by — 


chains through a jack shaft. 


The power may be controlled by vary- 
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ing the cut off, there being two positions 
for both directions of running, giving 
cut offs of 30 and 80 °/, respectively. 

The working parts are lubricated by 
splash lubrication, the cylinders being 
lubricated by admitting atomised oil 
from a mechanical lubricator into the 
admission steam. 

The rail cars weigh 23 t. (23.1 Engl. 
tons) empty and 32.5 t. (32 Engl. tons) 
loaded with 2.000 ker. (4400 lb.) of lug- 
gage and 56 passengers; the tare weight 
per passenger is therefore about 450 ker. 
(990 Ib.). 

The engine bogie is separate from the 
frame of the coach, to which it is con- 
nected by a pivot; rubber buffers absorb 
all vibrations. 

The vehicle is fitted with a non-auto- 
matic vacuum brake and a hand brake; 
the vacuum is produced by a steam ejec- 
ior. Both hand and vacuum brakes are 
operated on ferodo lined brake shoes ac- 
ting on brake drums carried by the driv- 
ing wheels. 

Braking effect may also be obtained 
by reversing the engine but this serious- 
ly stresses the working parts. If the 
combustion gases are drawn into the cy- 
linders, the valves become overheated and 
carbonise, while if air is drawn into the 
cylinders, the lubricating oil burns as in 
a Diesel engine. 

‘No sandboxes are fitted. Ordinary 
buffers and draw gear are fitted, but of 
a lighter type, being provided mainly to 
allow the rail car to be shunted. 

Heating is by means of exhaust steam 
from a «Pyle» turbo-generator taking 
steam from the boiler, producing cur- 
rent for electric lighting; if necessary, 
the boiler supplies live steam. 

The rail car is normally worked chim- 
ney first and therefore can be operated 
by one man, in view of the semi-automa- 


tic firing device already mentioned. 
For running in the reverse direction, 
two men are necessary, one in the dri- 
ver’s compartment at the leading end, 
and the other to control the boiler. 
These two compartments are one at each 
end. A door gives access whilst in 
service between the engine and the lug- 
gage compartment in which the guard 
rides; the latter sees that the driver ob- 
serves the signals and stops the train in 
case the driver fails to do so. 

The rail car has, up to the present, run 
by itself-on the line from La Chatre to 
Guéret, 76 km. (472 miles). The gra- 
dients on this line do not allow a trailer 
to be used. It is, however, to be taken 
off this line, where the peak traffic on 
certain days may be 100 passengers, 
although the average traffic is only 28 
passengers; it will be used on a service 
with lighter traffic. 

The Sentinel rail car has required con- 
siderable maintenance. It is one of the 
first built for the standard gauge, and 
certain parts were insufficiently strong 
and had to be modified, that is, the main 
frame, the axles and springs and trans- 
mission. The difficulty in obtaining 
spare parts led to the car standing out 
of service for long periods. In January 
1929 the Company stated that they could 
not yet give any definite information on 
the ultimate maintenance costs of this 
rail car. 


Internal combustion rail cars. 


The French State Railways commenced 
in 1922 to use internal combustion rail 
cars working on petrol (fig. 7). They 
have had two cars since 1925. The en- 
gine has four cylinders 135 mm. ( 5 5/46 
inches) diameter and 170 mm. (6 14/16 
in.) stroke, developing 85 H. P. at 1500 
revolutions per minute. Transmission is 
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Fig. 7. — French State petrol rail motor coaches. 


Fig. 8. — Renault petrol rail motor coach for metre gauge. 
Explanation of French terms ; 2 essieux moteurs = 2 driving axles. 


by chains to jack shaft and from jack tached, taking three 10-t. (9.8 Engl. tons) 
shaft to axle. . trailers: at 50 km. (34 miles) per hour 
The rail car weighs 14.5 t. (14.3 Engl. on the level, two trailers at 30 km. (18.6 _ 
tons) empty with 200 kgr. (440 lb.) of miles) per hour on a gradient of 1 in 
fuel. The total weight with passengers 400 and one trailer at 25 km. (45.5 miles) 
and luggage is 16.5 t. (162 Engl. tons) per hour on a gradient of 1 in 50. 
and the seating accommodation 20. These trailers have 70 seats, 20 second 
Tt is generally used with trailers at- class and 50 third class. 


j 
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The rail car is fitted with Westing- 
house air brake and an air whistle; it 
is heated by the exhaust gas from the 
engine, foot warmers being used in the 
trailers. 

It is used on lines having gradients 
of 1 in 71 and 1in 66. The maximum 
length of run is 89.5 km. (55.6 miles). 
The average speed is 73 km. (45.4 miles). 
The timings give very little margin, but 
although it is difficult to make up lost 
time, time keeping is satisfactory. 

Eight units are at present in use, three 
being out of service for inspection, re- 
pairs and as reserve. 

The car is operated by one man who 
is located at the front close to the mo- 
tor; in case of sudden illness of the 
driver, the guard can switch off the ig- 
nition and stop the train. 

No mention is made of any mainten- 
ance difficulties; however, the State Rail- 
ways consider that these cars have been 
in service too short a period to give any 
definite conclusions. 

The Blanc to Argent Railway, which 
is a subsidiary of the Orleans Company, 
have used since 1925 a four wheeled 
Renault rail car for metre gauge track 
(fig. 8); the 4-cycle internal combustion 
engine has 4 cylinders 125 4160 mm. 
(5 65/16 inches) arranged in pairs; 
its output is 60 H. P. at 1 200 revolutions 
per minute. 

Electric starting is provided so that 
the engine can be stopped when stand- 
ing for any length of time. 

Transmission is mechanical, consist- 
ing of a ferodo lined cone clutch, a gear 
box giving 4 speeds in either direction 
and cardan shafts. 

The fuel normally used is commercial 
petrol, but the motor will also work on 
heavy fuel distillate, benzol, or a mix- 
ture of alcohol and benzol. 


Only one man is employed, he does 
not however issue tichets. The service 
is authorised by a Ministerial order 
under the condition that the number of 
passengers does not exceed the number 
of seats and, except under certain ex- 
ceptions, no Tuggage, parcel or animals 
are carried. The rail car is fitted with 
telephonic apparatus whereby it is pos- 
sible to connect into the line alongside 
the track in order to notify any case of 
failure. A door is provided between 
the driving compartments, which are one 
at each end, and the passenger compart- 
ment; this is provided with an emer- 
gency valve for operating the compressed 
air brake, which is both semi-direct and 
automatic. 

This brake operates on brake drums 
on the 4 wheels by means of segments 
lined with ferodo. There is also a hand 
prake operating on the 4 brake drums 
and a foot brake operating on the trans- 
mission. 

The air for the brake is provided by 
a compressor direct driven from the 
engine; the governor puts this in action 
to maintain the pressure in the main 
reservoir. The compressor also pro- 
vides air for the whistle. Hand sand- 
ers are fitted to the four wheels for 
either direction of running. 

Heating is by means of exhaust gas 
from the engine. 

Electric lighting is provided, current 
being produced by the starting dynamo. 

The maximum normal speed is 50 km. 
(31 miles), this being the limit imposed 
by the regulations, 40 km. (25 miles ) 
may be obtained on a gradient of 4 in 
66. The average speed, deducting stop- 
ping time, is 38 km, (23.6 miles). 

The rail car which is used on a run 
of 72 km. (44.7 miles), including a ma- 
ximum gradient of 1 in 66 for 2458 m. 
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(1.53 mile), weighs 13 t. (12.8 Engl. 
fons) empty and 16 t. (45.7 Engl. tons) 
with 40 passengers. The tare weight is 
therefore only 325 kgr. (495 Ib.) per 
passenger. A trailer, weighing 45 t. 
(44 Engl. tons) and carrying 14 pass- 
engers seated and 16 standing, may be 
attached. In this case the speed up the 
gradient of 1 in 66 is reduced to 35 km. 
(21.7 miles) per hour. 

150 litres of ‘fuel are carried, this 
being sufficient for a distance of 400 to 
500 km. (250 to 310 miles) at a rate of 
32 litres per 100 km. (11.3 British gal- 
lons per 100 miles). Actually the daily 
distance is 140 km. (87 miles) on week 
days and 200 km. (124 miles) on Sundays. 

No maintenance difficulties have 
arisen; it is mentioned, however, that the 
cost of re-lining the brakes with ferodo 
is considerable, being 450 to 500 franes 
per month. 

The Tarn Departmental Railways have 
in service two 45-H. P. and one 50-H. P. 
Renault Scemia rail cars, the latter being 
built in 1928 for metre gauge. 

The former have four monobloe cy- 


linders and one driving axle, the latter 


have four cylinders in pairs and two 
driving axles. Transmission is by 
cardan shaft on to the trailing axle, and 
in the rail cars with two driving axles 
the leading axle is driven by a gear on 
the longitudinal shaft of the first sec- 
tion of the cardan shaft. 

The rail cars have a foot brake, hand 
brake and air brake. 

Their weights are 10.3 and 114 t. 
(10.1 and 11.2 Engl. tons) respectively 
empty and 13.3 and 144 (134 and 142 
Engl. tons) loaded; they provide 44 and 
51 places respectively and 29 seated and 
15 standing, or 1000 kgr. (2200 lb.) of 
luggage, and 21 seated and 30 standing, 
or 1500 kgr. (3300 Ib.) of luggage. 


Their length, excluding buffers, is 


. 10.40 m. (34 ft. 11/2 in.), wheel base 


3.60 m. (11 ft. 10 in.), length of body 
9.40 m. (30 ft. 10 in.) and width overall 
2.30 m. (7 ft. 6 9/16 in.). 

The fuel consumption is 35 litres and 
47 litres respectively of petrol per 
100 km. (12.3 and 16.6 British gallons 
per 100 miles), and 2.5 and 3.9 litres 
(0.88 and 1.38 British gallons) of oil. 

They are operated by two men, a 
driver and guard. There are two driv- 
ing compartments, one at each end. 

The Paris, Lyons, & Mediterranean 
Railway in 1927, put into service two 
petrol rail cars on their Algerian lines; 
they have ordered two others from 
Messrs Renault for their French lines. 

The former, for their 1.055 m. (3 ft. 
53/8 in.) 
i10 mm. (45/16 inches) bore, 140 mm. 
(5 1/2 inches) stroke, developing 60 H.P. 
at 1.600 revolutions per minute. The car- 
burettor is automatic, giving a perfectly 
proportioned mixture of air and petrol 
under all conditions, ensuring immediate 
starting from cold by means of-a suitably 
adjusted pilot jet. 

The clutch is of the dry multiple dise 
type, the discs being of steel and bronze. 
The number of discs is such as to allow 
the clutch to operate with a relatively 
small pressure per unit surface, so that 
the wear is negligible and easy starting 
is ensured. 

.The gear box gives four speeds for- 
ward and one speed reverse. The re- 
verse gear, being only used for shunt- 
ing at stations, has the same ratio as 
the first forward gear. 

.The rear wheels are driven by a live 
axle in a cast steel casing. To ensure 
silent running, direct drive is provided 
to the axle, the necessary speed reduc- 


gauge, have six cylinders, 
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tion being carried out by a double train. 
of gear wheels in the axle casing. 

The engine may he started by hand or 
by electric dynamo, which continuously 
charges the battery and produces current 
for lighting. 

There is only one driving compart- 
ment, at the leading end. 

In order to give a good view of the 
road, the rail car is driven like an auto- 
mobile, that is to say, the driver is seated 
on the left of the engine. Various con- 
trols are conveniently arranged and the 
control gauges are well in view. The 
engine is stopped when the car stops 
and is disengaged when running down 
gradients of more than 1 in 143, except 
in ease of failure of the brake, when 
the engine is engaged to act as a brake. 

The rail car has a bogie at the leading 
end, the trailing axle being on a Bissel 
truck jointed to the main frame by 
means of a large spherical pivot, the 
vehicle being driven or held hack by this 
pivot. 

The wheel base is 6.60 m. (21 ft.8 in.) 
and the length, excluding buffers, is 
11.86 m. (38 ft. 41 in.). 

46 seats are provided, 8 being second 
class and 38 third class. 

There is, moreover, standing room 
for 6. 

The weight of the vehicle empty is 
from 14 to 14.6 t. (13.8 to 144 Engl. 
fons) in working order. 

The rail car is provided with two in- 
dependent brakes : 


4— An internal expanding brake 
operating on the transmission and con- 
trolled by a foot pedal; the brake power 
may instantaneously attain a value ap- 
proximating the weight on the rear axle. 


2— A screw brake operating brake 
blocks on the wheels. 


A whistle and a Klaxon horn are fitted 
for signalling purposes. 

The maximum speed of the rail cars 
is 50 km. (31 miles) per hour. They 
are used either with or without trailers 
weighing 84 t. (8.3 Engl. tons) over a 
line with heavy gradients up to 1 in 50, 
one such gradient having a length of 
2.3 km. (14 miles). The total rise in 
altitude is 295 m. (970 feet); the line 
which has a length of 57 km. (35.4 miles) 
is covered in 2 hours, and about 12 mi- 
nutes lost time may be made up. The 
speed is as low as 20 km. (12.4 miles) 
per hour on gradients of 1 in 50; the 
stations are 5 to 10 km. (3.1 to 6.2 miles) 
apart. 

_A rail car makes one outwards journey 
one day and returns the following day, 
the daily distance being 60 km. (87.3 
miles); 11/2 hours is allowed for repairs 
and lubrication by the driver each time 
the car returns to its shed, that is, after 
running 120 km. (74.6 miles). | When 
one rail car is out of service, the other 
car makes the double journey. 

‘All working parts are gone over every 
{0000 km. (6200 miles), and in addi- 
tion, the engine is inspected, valves are 
ground in and the oil in the sump chang- 
ed, every 3000 km. (1860 miles). 

The speed attained is not considered 
sufficient, and the Company are consid- 
ering the purchase of Diesel rail cars, 
both for standard and narrow gauge lines, 
capable of hauling a total weight of ab- 
out 100 t. (984 Engl. tons) at a speed 
of 100 km. (62 miles) per hour on the 
level and 30 km. (18.0 miles) ona grad- 
ient of 4 in 50. 

The rail car is operated by one man; 
the guard is, however, able to stop the 
car, there being access from the brake 
yan to the driving compartment. 

The more powerful rail cars which it 
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is proposed to introduce will run with- 
out trailers and be able to convey 
100 passengers with their luggage; there 
will be 6 first class seats, 12 second and 
82 third. It is also intended to use a 
rail car as a locotractor hauling a brake 
yan, one composite coach accommodating 
42 first class and 24 second class pas- 
sengers and 2 third class coaches each 
accommodating 56 passengers. Com- 
munication between the brake van and 
the power unit will be necessary in this 
case. 

These motor trains:will have 2 driving 
compartments each complete with all 
controls to avoid turning. 

The rail cars are stabled at engine 
sheds which have sufficient accommo- 
‘dation to keep them apart from the loco- 
motives. 

The staff who operate these vehicles 
are fitters accustomed to internal com- 
bustion engines and young drivers who 
have been suitably instructed. 

There is nothing in particular to men- 
tion as regards defects, other than that 
engines which are worked too close to 
their maximum capacity frequently 
break their crank cases. 

The rail cars which the Paris, Lyons 
& Mediterranean Railway has ordered 
for service in France will have two 
4-wheel bogies, with six-cylinder engines 
developing 110 H. P. at 2.200 revolutions 
per minute and will accommodate 57 pas- 
sengers, namely, 12 first class and 45 third 
class. There will be a luggage compart- 
ment of 6 m? (65 sq. feet) area and a 
driving compartment at each end; the tare 
weight will be 283 t. (22.6 Engl. tons), 
that is, 400 kgr. (880 Ib.) per passenger. 

The 38rd class compartment will have 
4 seats which can be shut off by means 
of a longitudinal partition for the use, 


Where necessary, of the Postal Depart- 


ment. 
They will be fitted with a brake acting 
on the wheels operated from either driv- 


ing compartment, either by a hand wheel — 


or by compressed air by means of a 
driver’s brake valve, and also with a foot 
brake operating on the transmission. 

They will have a compressed air whistle, 
be heated by the exhaust gases and be 
lighted electrically from a dynamo. 

They will have 4 speeds in either di- 
rection, namely, 12, 24, 38 and 64 km. 
(7.5, 15, 23.6 and 39.8 miles) per hour 
on the level. Trailers will not be hau- 
led. They will be operated by Operating 
Department staff. 

The Company hopes that these rail cars 
will prove suitable for replacing the or- 
dinary trains running at infrequent in- 
tervals on lines of easy gradients. Up 
to the present they have no satisfactory 
rail cars. 

The Italian State Railways have put in 
service an internal combustion rail car 
(fig. 9) accommodating 45 3rd class 
passengers and weighing only 47.5 t. 
(17.2 Engl. tons), that is 400 ker. (880 


Ib.) per passenger. 


They have two bogies, the inner axles of 
which are driving axles. 

These axles are driven by means of 
cardan shafts and bevel gearing. 

Each bogie (fig...9 bis) is fitted with 
a bolster. The body, which is of sheet 
metal in order to obtain sufficient 
strength with a minimum of weight, is 
carried on each bolster by 4 coiled 
springs.» 

The bolsters also carry longitudinal 
members which support the bed plate on 
which the engine and gear box are 
mounted. These longitudinal members 
are also supported on rollers resting on 


a, 


Fig. 


the inner headstokes of the bogie fra- 
mes. 

The bed plate carrying the engine is 
thus supported independently of the bo- 


_dy, which prevents the latter being sub- 


jected to vibration. To overcome the 
increase of weight on the inner axles 
resulting from this arrangement, the 
bedy of the vehicle is connected to the 
engine bed plate .by four coiled springs. 

The transmission includes a disc clutch 
and a gear box, giving four speeds in 
both directions, namely, 8, 16, 25 and 
40 km. (5, 10, 15.5 and 25 miles) per 
hour at 1 000 revolutions per minute; the 
drive is by cardan shaft to the driving 


9, — Italian State rail motor coach. 


axles. An electric starting motor, two 
dynamos for charging the batteries, an air 
compressor for the Knorr brake and 
whistles and an electro-mechanical brake 
taking current from the accumulator and 
acting on a drum keyed to the driving 
shaft are provided. 

The engine ‘has six cylinders 140 mm. 
(54/2 inches) diameter and 160 mm. 
(65/16 inches) stroke, developing 100 
H. P. at 1000 revolutions per minute. 

Forced lubrication is provided by cen- 
trifugal pump. 

Radiators are mounted on the roof at 
either end, the amount of air passing 
being regulated by rotary valves. In 


Fig. 9bis, — Italian State Railways. — Chassis of rail molor coach. 
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Winter the hot water is used for heating 
the coach and is passed through coils of 
pipe arranged in the interior. 

The carburettor is designed to use both 
petrol and heavy oil and will be described 
later. 

There are four reservoirs for fuel, two 
with a total capacity of 160 litres 
(35 British gallons) in the roof for heavy 
oil and two others with a total capacity 
of 120 litres (26 British gallons) under 
the floor for benzine. These latter are 
at a lower level than the carburettor; an 
auxiliary reservoir of about 5 litres 
(11 British gallon) is provided at a 
suitable height, and the benzine is drawn 
up by the engine by a connection taken 
from the induction pipe. 

The ignition is by two independent 
high tension magnetoes and a double set 
of sparking plugs. 

There is a driving compartment at each 
end. The car is operated by one spe- 
cially trained employee of the Motive 
Power Department. The guard is able, 
if necessary, to stop the train and can 
drive it at caution to the nearest station. 

Trials have been carried out on a line 
101 km. (62.8 miles) long, a considerable 
part of which has gradients up to 1 in 
on 

The average speed was 29 km. (18 mi- 
les) per hour, stops being 6.3 km. 
(3.9 miles) apart. On a line 78 km. 
(48.5 miles) long, with short gradients 
of 1 in 166, thetaverage speed with a 34-t. 
(30.5 Engl. tons) trailer was 31 km. 
(19.3 miles) per hour, the distance bet- 
ween stops being 5.5 km. (3.4 miles). 
Finally, on a run of 35 km. (21.7 miles), 
with a maximum gradient of 1 in 38 with 
a trailer weighing 14 t. (10.8 Engl. tons) 
and distance between stops 7 km. 
(44 miles), an average speed of 28 km. 
(17.4 miles) per hour was obtained. A 


es 
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speed of 40 km. (25 miles) per hour was. 
maintained on gradients up to 1 in 29 
without a trailer. On the level and on easy 
gradients a speed of 50 km. (31 miles): 
per hour was obtained with aneengine 
speed slightly above the normal. 

The Italian State Railways are also 
about to carry out some tests with Diesel 
locomotives and Diesel electric rail cars. 

The Belgian National Railway Com- 
pany tested, in 1929, a Diesel rail car 
constructed at the Maybach works, of 
which particulars are as follows : 


Maximum power, 150 H.P. 

Maximum revolutions per minute, 1 350. 

Four speeds, approximately 10, 20, 40 
and 60 km. (6.2, 12.4, 25 and 37.8 
miles) per hour. ~ 

Length, excluding buffers, 24.040 m. 
(69 feet). 

Length of body, 19.740 m. (64 ft. 9 in.). 

Diameter of wheels, 1 m. (3 ft. 33/8 
in.). 

Wheel base of bogies, 3.50 m. (11 ft. 
6 in.). 

Distance between bogie centres, 13.30 
mo (43 ft.8in.). | ; 

Weight in working order, 38 t. (374 
Engl. tons). 

Number of places, 74 seated, 15 stand- 
ing. A modification of the internal 
arrangement will allow 90 seats and 
a luggage compartment. 


The body of the coach is of sheet metal 
and is carried on two bogies, one driv- 
ing and the other carrying. 

The engine has six cylinders driving 
a crank shaft arranged longitudinally; 
the primary shaft of the gear box is 
driven through a shaft with universal 
joints at each end, the primary shaft. car- 
rying four spur wheels. The secondary 
shaft of the gear box carries four spur 
wheels constantly in mesh with the 
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wheels of the primary shaft, each being 
provided with a disc clutch operated by 
oil pressure; the clutch of any one pair 
of wheels may be brought into operation, 
the other wheels being automatically 
declutched. Provision is made so that it 
is only possible to engage the clutch of 
the wheel suitable for the particular 
speed of the car. ; 

At the end of the secondary shaft is 
a bevel wheel engaging with two bevel 
wheels mounted freely on a jack shaft, 
a dog clutch is fitted on the jack shaft 
between the bevel wheels so that it can 
engage with either wheel and drive the 
car in either direction. A jack shaft 
drives the axles of the motor bogie by. 
cranks and rods. 

The erank shaft also drives a three- 
stage compressor; the air, at a pressure 
of 110 atmospheres (1564 lb. per sq. 
inch), is stored in three reservoirs after 
passing through a reducing valve which 
reduces the pressure to 80 atmospheres 
(1440 Ib. per sq. inch). These reser- 
voirs provide air for starting. A branch, 
between the reducing valves and the re- 
servoirs, feeds at 8 atmospheres (114 lb. 
per sq. inch.) by means of a second red- 
ucing valve, the reservoir of the automatic 
continuous brake. Finally, air at 80 at- 
mospheres (1440 Ib. per sq. inch.) is 
taken for fuel injection. The fuel is a 
mixture of air and oil, which enters the 
cylinders at the end of the compression 


_stroke when the pressure is 35 atmosphe- 


res (498 lb. per sq. inch) and the tem- 
perature 600°C. (1 112° F.) so that spon- 
taneous ignition takes place. 

This method of « dynamic » injection 
allows a larger orifice to be used than 
with the solid injection type and gives 
less risk of failure. 

A needle valve is placed in the orifice 
so that the driver can regulate the oil 
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supply and also remove any obstruction. 
Admission is limited to 10 °/, by the to 
and fro movement of an annular needle 
valve concentric with the former. 

Lighting is by electricity, current being 
provided by a dynamo mounted on the 
engine shaft. 

Cooling water is pumped through a 
radiator mounted on the roof, fitted with 
an electric fan; this water may, if re- 
quired, be passed through pipes inside 
the coach for heating purposes. 

The tests were made using gas oil as 
fuel at a cost of 0.60 fr. per litre (2.72 fr. 
per British gallon). 

The engine and gear box, which is 
carried on the driving bogie, is indepen- 
dent of the body. The driving bogie 
may be taken out and replaced by another 
in a few hours. 

The rail car is fitted with the auto- 
matic Westinghouse brake; the brake 
may also be operated mechanically by 
means of a counterweight. 

The car is operated by one man, being 
provided with a dead man’s handle. 
There is a driving compartment at each 
end. 

The cost of the rail car was 1 160000 
ig 

Tests have taken place both on level 


lines and lines with gradients of 1 in 
63 or 1 in 40 over 12 km. (7.5 miles). 
Speed was maintained at 67 km. (41.6 
miles) per hour with two trailers weigh- 
ing 27«t. (26.6 Engl. tons) on the level | 
(200 to 240 seats in the train), and bet- 
ween 45 and 55 km. (28 and 34.2 miles) 
on gradients of 1 in 63 with one trailer. 

The consumption of gas oil averaged 
62 ker. and lubricating oil 760 grammes 
per 100 km. (220'lb. and 2.7 Tb. per 100 
miles respectively). 

During the tests the rail car ran 2 062 
km. (1280 miles). The results being 
considered satisfactory, the Company 
have ordered three rail cars of the above 
type. 


* 
*  3t 


The importance of the question dealt 
with in this report appears to vary widely 
on different railways, being dependent 
on the number of trains and train-ki- 
lometres which, with regard to the fre- 
quency of their service, can he economi- 
cally operated by special forms of motive 
power. The extent to which this can - 
be done is shown by the number of these 
trains and train-kilometres which can be 
effectively worked by these means. 

The following table gives some infor- 
mation received on this point. 


i Belgian 
Paris, Lyons 


Paris- French French > National 
RAILWAY. and Medi- Orleans. Nord. State. parcels tase Railway 
terranean, | Company. 
Daily number of trains which 304 Under inves- 148 
can be worked by special tigation ; few 
forms of power. lines have 
sufficiently ’ 
Average passengers . . ... hes 35 light traftic one ane 60 
for the use 
Corresponding train-km. (train- 4 042 42 100 of rail cars 2370 
miles). Pe (2 512) (7.520) to be (1 473) 


practical. 
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5 Paris, Ly ons Paris- French French | Gan Stab National 
RAILWAY. and Medi- Orleans. Nord. State. “il are Railway 
terranean. * 
Company, 
| 
aily number of trains which 16 29 es 427 (1) 148 (2) 
ean be effectively worked by 
special forms of power. | 
verage passengers . 30 60 60 
orresponding train-km., (train- 803 472 21034 | 2 370 
miles). (499) apres (13 070) (1 473) 
trains for Com- 
pany’s work- 
men. | 
‘otal daily number of trains . 4 968 379 2 456 
.verage ;assengers. 102 43 452 
lorresponding train-km. (train- 173 316 16 867 | 2380 000 109 084 
miles). (107 695) ‘40 481) (142 920) (67 783) 


() Of which 425 are by light steam locomotives, and two by rail cars (34 train-km, (21.1 train-miles], average interval 10 minutes). 


{2) By light steam locomotives. 


_ : = : 


The Italian State Railways and the 
Belgian National Railway Company ap- 
pear from this table to make the largest 
use of special means of traction, but this 
refers to the use of light steam locomo- 
tives, and the other railways have not 
given any information on this point. 
The French Nord and State Railways are 
those which have the largest number of 
rail cars in service, and of the railways 
which have given detailed information 
of the average use made of the trains, 

‘it is the Paris-Orleans which is shown 
as having the greatest scope for the use 
of motive power of this kind. 

On the majority of large railways, these 
possibilities are restricted hecause of the 
great difference which exists between 
the average and maximum numbers of 
passengers on the trains. The stock 
forming a heavily loaded train often has 
to return with very few passengers, but 
the same train has to be worked back so 
that if may he used later, and the use 


of a light train for the light load is there- 
fore out of the question. Further, in 
order to arrange engine workings, it is 
often necessary to use them on a train 
which: could be worked by a less power- 
ful engine. 

Obviously economy is only possible if 
the use of the light forms of power 
allows the complete withdrawal of the 
more powerful engines. 

The Belgian National Railway Company 
contemplates the use of rail cars : 


a) on branch lines which serve regions 
in which the traffic is unimportant and 
not likely to be developed in the imme- 
diate future and which are not adjacent 
to any important centre. The traffic 
in this case is almost entirely station to 
station traffic, and on these lines it may 
in cases be possible to work the service 
with rail cars only; 


b) on branch lines connecting with an 
important centre on which the traffic is 
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capable of development by means of a 
more frequent service; 

c) on certain sections of main lines 
where the local traffic is small. 

The density of traffic on important 
lines does not as a rule allow a suffie- 
iently numerous service of rail cars to 
meet the demands of the public, with- 
out having to double the track. At 
most, if one is merely content with in- 
troducing rail cars between the ordinary 
trains, the traffic will be divided het- 
ween ordinary trains and the rail cars, 
and the capacity of the latter will soon 
become insufficient without any parti- 
cular increase in the total traffic. 

In some cases, however, certain sec- 
tions of these lines may be found where 
the local traffic is light, as on branch 
lines,and it may be possible to substitute 
for the stopping trains rail cars which 
would then act as collectors or distri- 
buters for the through trains. 

The number of seats necessary in pas- 
senger trains carrying few passengers is 
estimated : 

by the Paris, Lyons & Mediterranean 
Railway at 132 places (that is 16 first, 
18 second and 100 third); 

by the Paris-Orleans at 40 places (that 
is 6 first, 6 second and 34 thir d) ; 
by the Est at-136 Places, that is 16 first, 
20 second and 100 third; 

by the French State at 81 places. 

by the Italian State Railways at 100 to 
150 places, and by the Belgian National 
Railway Company .at 150 places. 

On the majority of railways, the use 
of rail cars ruining without trailers is 
extremely rare. The use of light pow- 
ered rail cars with a small number of 
places therefore does not appear to have 
a very wide scope. 

Information on this point received for 
the rail cars which have been mentioned 


may be summarised as follows : « Steam 
rail cars on the French Nord : 84 places, 
of which 26 are standing. A trailer 
weighing 12 t. (11.8 Engl. tons) accom- 


modating 60 passengers may he hauled . 


on fairly level lines. 

Maximum speed 60 km. (37.3 miles) 
per hour. 

Sentinel steam rail cars on the Paris- 
Orleans Railway ; 56 places. 

French State Railways, internal comb- 
ustion rail cars: 20 places; these are 
capable of hauling, at 50 km. (34 miles) 
per hour, on the level, 3 trailers of 10 t. 
(9.8 Engl. tons) each accommodating 70 
passengers, or two 410-t. trailers on a 
gradient of 1 in 100 at 30 km. (18.6 mi- 
les) per hour. 

The Paris, Lyons & Mediterranean rail 
cars on order.: 57 places, developing 110 
H, P. at a speed of 64 km. (39.8 miles) 
per hour; no indication given as regards 
trailers. 

Internal combustion rail cars, Italian 
State Railways : 45 places, 110 H. P., ma- 
ximum speed 40 to 45 km. (25 to 28 mi- 
les) per hour, one ’trailer. 

Diesel rail car on trial on the Belgian 
National Railways : 90 places, 150 H. P., 
capable of taking one trailer weighing 
27 t. (26.6 Engl. tons) on lines with heavy 
gradients at 50 to 55 km. (31 to 342 
miles) per hour, or two trailers of 27 t. 
(26.6 Engl. tons) on a level line at 60 
km. (37.3 miles) per hour or more.. 

Rail cars for narrow gauge have been 
omitted from this summery. 

For a number of the internal comb- 
ustion rail cars, the speed appears rather 
low. 


* 
* * 


The sable on pages 168-169 summarises 
the information received as regards work- 
ing expenses. 
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It will be seen that there is an economy 
per train-km. in favour of the rail cars, 
due to the power of the engine being 
more in accordance with the load hauled 
than in the case of .a light locomotive, 
and due to the reduction in dead weight. 

If an internal combustion rail car is 
economical, although using a much more 
expensive fuel than a steam engine, it is 
because no fuel is lost while standing 
or for lighting up, both important fac- 
tors for a steam engine. Moreover, the 
thermal efficiency of an internal comb- 
ustion engine is much higher than that 
of a steam engine. 

Several railways are making efforts to 
use cheaper fuel than petrol, particular- 
ly, as we have seen, the Paris-Orleans 
Company and the Italian State Railways. 


The Belgian National Railway Company. 


is for this reason turning to the Diesel 
engine, as are also the Italian State Rail- 
ways and the Paris, Lyons & Mediter- 
ranean for its African lines. 

The Italian. State Railways have tried 
to use in their rail cars, in addition to 
benzine, a heavy petroleum residue hav- 
ing the following characteristics :_ speci- 
fie gravity 0. 868; Pensky-Martens flash 
point 82° to 83° C. (179.6° to 181.4° F.); 
calorific value 10902 (19600 B. T. U. 
per Ib.); volatiles 37 % at 310° €. (590° 
F.) 99 % at 350° C. (662° F.); total 
sulphur 0.45 °/, by weight. This oil 
can be bought at a cost of 1/6th to 1/7th 
of that of benzine. This fuel has been 


used by means of the Aliverfi carburet-, 
tor, which has the following character- 


istics : 
a) the proportion of cheap fuel to 
-henzine is automatically regulated with- 


out any adjustment by the driver, who, 
has a tendency to use too much benzine 


in order to give the engine greater flexi- 


=... bility; 


b) it allows a very small quantity of 
benzine to pass continually into the com- 
bustion chamber which prevents the en- 
gine from stopping on account of insuf- 
ficient fuel, and enriches the mixture, 
this reducing the disadvantages arising 
from the exclusive use of heavy oil. 

By the use of this carburettor, the fuel 
cost has been reduced by one half on 
tests with a motor car engine of 25 to 
35 H. P. It is true that these tests have 
shown that the power of the engine was 
reduced by the cheaper fuel (mixture of 
benzine and- oil), but not to a serious 
extent. 

As a result of these tests, the 100-H. P. 
rail car under test on the Italian Rail- 
ways has been fitted with the carburettor 
in question (fig. 10). 

It operates as follows : ‘ 

When the throttle is in the closed po- 
sition, the butterfly valve A remains 
slightly open, allowing a small amount 
of vaporised benzine to pass. The val- 
ves Band € are closed. The engine is 
thus running on benzine while idling. 
In opening, the throttle valves B and C 
are first operated, valve A remaining in 
its initial position. The engine conti- 
nues to receive its mixture of benzine 
from the central group A, and the suc- 
tion produced through B and C lifts the 
automatic air inlets and draws benzine 
and oil contained in the float chambers. 
to the jet; the benzine, however, has to: 
pass by a ball valve, while the oil passes 
through a coil of pipe S encircling the 
tube T through which part of the ex-; 
haust gases pass. The relative resist-. 
ances are so arranged, that while the 
engine is cold, no oil reaches the jet and: 
only benzine is used, this lifting the ball 
e. When the engine has warmed up, 
sufficiently for oil to be used, the coil and. 
pipe S being heated, the resistances to 
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French State. | 


EXPENDITURE (in franes) for 


' Internal . ¢ . 
{ a Steam economic Steam 
| combustion ; ft 
3 locomotive. rail car 
rail car. 


per train-kilometre . . . 1.45 2.37 0.92 ¢ 
Fuel (per train-mile) . . . . (1.85) (3.84) (1.48) 
| ; (per tenne-kilometre. . 0.034 0 0337 0.0196 ¢ 
) (per Engl. ton-mie). . (0.056) (0.0550) (0.0320 
per train-kilometre . . . 0.15 0.02 0.05 
ale scadh Vier train-mile) . . . . (0.24) (0.032) (0.08) 
| Lubrication . ; 
| ; {per tonne-kilometre. . . 0.004 0.003 


(per Engl. ton-mile). . . (0.0065) (0.005) 


(per train-kilometre . 
ae i(per train-mile) 

ater . : 
per tonne-kilometre . 


(per Engl. ton-mile). . . 
\per train-kilometre . . ° 0.43 0.43 1.45 


§ . r; 5 
eee eae eee Oe Oe OE Ee OOS Ser 


| Wages of footplate ) (per train-mile) . . - ° (0.69) (0.69) (1.85) 
staf i {per tonne-kilometre. . . 0.018 0.006 
(per Engl. ton-mile). . . (0 024) (0.040) 
per train-kilometre . . . 0.58 0 50 0 63 
Cleaning and main- ) ((Pper train-mile) . . . . (0.93) (0.80) (41.04) 
| tenance. per tonne-kilometre. . . 0.019 0.007 
| (per Engl. ton mile). . . (0.080) (0.044) 
per train-kilometre . . . 2.31 3.32 3.34 
Teen (per train-mile) . . . . (3.72) (5.34) i (5.38) 
a 
per tonne-kilometre . 
| (per Engl. ton-mile) . 
i petro) a2 6) See vowas ee Oraperaire 
(7.78 fr. per Brit. 
gallon). 
Cost of or RTs SMe conte tee ee ae ie 
: OU BN Gt the ea ee 4.75 perkgr. | 
Ld (2.45 fr. per lb.) 
Gostiotipaulscet. tac.) mie) ge ire meee 117 000 fr. See 220 000 
Life for purposes of depreciation ... . . = - 10 years. 50 40 year 
Rensarksy Oe tee ge tee may ai ae ag Pa Ac ae BS ae (!) 7.75 ker. 
bars per km. (27 
| per mil 
2.10 ker. ¢ 
per 100 kin. ( 
ret ; per 100 m 
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SSS 
Belgian National 
Paris-Orleans. Railway 
Company. 


Diesel 


Most economical 
rail car, 


Renault rail car 


locomotive. 


1 economic Menk ~ Sentinel 
locomotives. rail car. (narrow gauge). 
re 
rc 0.50 0.70 1.76 Si 
(4.43) (2.83) 


1.72 
(2.76) (0.80) 
0.04 0.09 0 10 0.04 
» (0.064) (0.445) (0.46) (0.064) 
0.04 0.04 0 04 
(0.064) (0.016) (0.084) 
0 57 (4) 0.57 0.25 1 04 
(0.91) (0.91) (0.40) (1.67) 
0.90 1.32 0.338 0.90 
(1.45) (2.12) (estimated) (0.544) (1.45) 
7.25 3.27 2 492 1.386 3.7193 
41.66) (5.26) (4.010) (2.230) (6.404) 
0.029 0.077 0.0874 0.0386 
(0.047) (0.125) (0.1424) (0.0549) 
‘ 2.20 per litre. 
(10 fr. per Brit. 
gallon). 
4 160 fr. per ton. 180 fr. per ton. ne 
of Cylinder oil, (Saperheater oil, 4 fr. per kgr. 
3.80 fr. per ker. 5.50 per ker. (1.84 fr. per Ib.) 
(1.72 fr. per lb.) | 2.50 fr. per Ib.) 
70 to 80 000 fr. 282 000 fr. 107 000 fr. 1 160 000 
pre war. in 1925. in 1924. Belgian francs, 
12 years. 20 years. 


20 years. | 


Wages 80 fr. 
per day. 


Wages : 44 000 
to 42 000 fr. 
per year. Narrow 
gauge, nob 
comparable 
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si Cilindri 


Fig. 10. — Aliverti carburettor. 


Explanation of ltalian terms: Ai cilindri = To the cylinders. — Aria = Air. — Benzina = menaine — Dal tubo di scarico = 


From exhaust pipe, — Miscelo =: Mixture. — Nafta = Naph 


. the flow of oil decrease, and it arrives at 
the jet along with the benzine, which 
still has to lift the ball e. 

_ When the engine has reached its nor- 
mal temperature with full load, the am- 
ount of benzine used decreases and beco- 
mes practically negligible. 

If the throttle is opened still further, 
since valves B and C are half open, valve 
A also begins to open, and when full 
power is being developed, benzine from 
the central jet enriches the mixture of 
oil from the outer jets. The mixture 
passing to the cylinders is preheated by 
the two pipes T, which are connected to 
the exhaust manifold E, this passing 
through the. inlet manifold and finally 
heating the pipe coils S. 

In short, the system consists in perman- 
ently feeding a small quantity of benzine 
torresponding to minimum power. The 


quantity of benzine is also automatically — 


increased by the outside jets when the 
engine is cold, as on starting up, and by 


the centre jet to obtain increased power 
when the throttle is full open. 

The most complete solution of the fuel 
question is afforded by the Diesel eng- 
ine. Unfortunately Diesel engines are 
expensive, and the interest and deprecia- 
tion charges render petrol engines a more 
economical proposition unless consider- 
able mileage is run. In determining 
what this mileage is, the length of life 
on which sinking fund charges are based 
is an important matter. However, the 
use of rail cars on the railways dealt 
with is of too recent date to allow this 
life to be determined with certainty. 
The tests taken in hand by the Italian 
State Railways therefore appear inteérest- 
ing, if they enable the petrol engine to 
compete on more favourable terms with 


.the Diesel engine. 


It may be pointed out that when rail 
cars are used on an intensive service, 
the disadvantages of steam, namely, ne- 
cessity of using coal while standing and 
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for lighting up, become relatively less 
important compared with internal comb- 
ustion engines. The steam rail car or the 
light locomotive may offer the best solu- 
tion in many cases. 


: * 
* * 

Another economy which may result 
from the use of internal combustion cars 
is the possibility of their being handled 
by one man. We have seen that the 
French State and the Paris-Orleans also 
only employ one man on their light 
steam locomotives. It would appear, 
however, that on lines where the traffic 
is of any importance, only internal com- 
bustion rail cars can: be operated with 
sufficient safety by one man. In every 
case the adoption of a «dead man’s 
handle » is to be recommended. 


On the subject of the training of rail 
car drivers, no difficulties have been 
mentioned. Their wages are less than 
those of a locomotive driver. 

No outstanding facts arise as regards 
maintenance and repairs. The internal 
combustion rail cars are of types differ- 
ing as regards the cylinders, carburettor 
and transmission. The difficulties men- 
tioned are generally of-a temporary na- 
ture or refer to the period when first 
put into service. . These are difficulties 
which can be overcome, such as frac- 
tures of badly designed parts, breakage 
of pipes through vibration, as mentioned 
by the French State Railways. Rather 
a large number of failures took place 

initially on the narrow gauge rail car of 
the Paris-Orleans, this being one of the 
first completed by the makers. The use 
of ferodo brake linings was expensive, 
being 400 to 500. fr. per month, while 
there: are also a number of failures with 
the Sentinel rail car. The Paris-Orleans 


cannot yet say what the maintenance 
costs of this car will be. 

As regards annual mileage, the French 
State quote 15500 km. (9630 miles) for 
petrol rail cars as against 19500 (42 120 
miles) for light locomotives; the French 


_ Nord quote 30000 km. (18 640 miles) for 


its steam rail cars, this being the same 
as for locomotives; the Paris-Orleans 
quote 30000 km. (18640 miles) for the 
Sentinel rail car and 45 000 to 50000 km. 
(28000 to 34000 miles) for the petrol 
rail cars as against 70.000 (43 500 miles) 
for light locomotives; the Italian State 
quote 12 000 km. (7460 miles) for petrol 
rail cars as against 25.000 (15530 miles) 
for locomotives. 


% * 


The conclusions to be drawn from all 
the foregoing, as far as concerns the rail- 
ways dealt with, is that they are still in 
an experimental stage as regards the use 


.of economical’ methods of traction for 


trains on branch lines with light traffic 
and for occasional trains on some impor- 
tant lines. It may be noted that there 
is a marked tendency to use internal 
combustion’ and Diesel rail cars, but 
steam traction, either by light locomoti- 
ves of steam rail cars, is still the most 
usual method. 


QUESTION XII. — B:- 


Use of special tractors for shunting 
in smaller yards 
and for certain work in large yards. 


Locotractors. 


The following table summarises the 
information on locotractors in service 
on the different railways. 3 
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Weight. 


Number Number |. : Date 
RAILWAY. Type. in eo poet 
service, | POW°T | speeds. ( Pte ) purchase, 
North of Spain (with capstan). 2 50 4 in each | 9 (8.85) 1926 
direction 
Paris, Lyons & Medi- |Baudet, Donon, Roussel. 1 400 42 30 (29.5) 1927 
terranean. (with capstan). ; 
Paris-Orleans . ditto. | 4 do. 1925 
State . ditto. | 6 do. 1924 
Est ditto. ee 40 {2 1923 
Nord . ditto. | 4 I) apes an a ~ 1922 
State . dilto. 3 40 to 50 20 and 22} 1925 
* 5 : (197 and 21.7, 
Paris, Lyons & Medi- } Berliet (with capstan). 25 26 to 33 15 to 16 1924 
| terranean. (14.7 to 45.7) 
| French Nord Moyse (without capstan) 4 90 Sy 
Schneider 4 fe 
(without capstan). es) 
| Steam locotractor 4 
(with capstan). 
| | 


A.— Petrol locotractors. 


The Baudet, Donon, Roussel 100-H. P. 
locotractors, of which both the Paris, Lyons 
& Mediterranean and the Paris-Orleans 
possess one and the State Railways six, 
have been found capable on the latter of 
replacing six-coupled steam locomotives 
unit by unit. 

They weigh 30 t. (29.5 Engl. tons) and 
can haul in service loads exceeding 500 
tons at a speed of 15 to 18 km. (9.3 to 
11.2 miles) per hour. The engine has 
eight cylinders arranged in V formation, 
the clutch being of the disc type, and the 
gear box having 12 speeds, nariely, 1 to 
60 km. (0.74 to 37.3 miles) per hour, 
the final drive to the axle being by 
chains. 

Figure 11 gives a view of this unit 
taken from an article by Mr. Polart, 


Technical Engineer of the State Railways 
(Revue Générale des chemins de fer, 
March 1926). The following informa- 
tion is taken from this article. 

The locotractors are fitted with hand 
brake, and direct and automatic air brake, 
and are provided with electric lighting. 

The engine is started by compressed 
air; the capacity of the petrol tank (250 
litres [55 Brit. gallons]) is sufficient 
for 24 hours without refilling. 

The locotractors are operated by one 
man. 

All the controls are arranged in a 
centre cab. Those which are constantly 
used during shunting operations (clutch, 
change gear lever, throttle and air brake) 
are duplicated for operation from either 
side of the cab. The speed indicator, 
air and oil pressure gauges, engine ecut- 
out switch and lighting switches are. 
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Fig. 14. — View of a Baudet-Donon 100-IH. P. locotraclor. 


mounted on a panel and are clearly vi- 
sible to the driver. 

96 hours work are done daily on the 
State Railways by these tractors, for 
which 6 are required, 2 being in reserve; 
one of the 2 reserve tractors is kept ready 
in working order at the shed, the other 
may he out of service for heavy repairs. 

These engines, which are only used 
for station shunting, are operated by the 
traffic department staff in accordance 
with the practice on the French railways 
in this respect, but the duties of the 
drivers are strictly limited to shunting 
work and include no repairs. Each lo- 
cotractor in service is operated by a set of 
three men, working 8 hours without a 
break. 

Special attention has to he given to 
maintenance, as an internal combustion 
engine is more liable to failure than a 
steam engine; it is liable to stoppages, but 
these are as arule of short duration. It 
is therefore necessary to arrange that the 
working parts should be frequently in- 
spected and immediately repaired. At 


Paris St. Lazare, where the six 100-H. P. 
locotractors of the State Railways are 
used, running repairs are undertaken by 
the Traffic Department, the Mechanical 
Engineer’s or Motive Power Department 
only dealing with heavy repairs. A spe- 
cial shed has been provided (figs. 12 and 
13) with an inspection pit capable of tak- 
ing two locotractors, a petrol pump and 
a small store with the necessary tools and 
spare parts. 

The locotractors in service are re-filled 
with petrol once every 24 hours, this only 
taking a few minutes. At the same lime, 
special mechanics satisfy themselves that 
all parts are functioning correctly and 
attend to reports made by the driver. 
The necessary adjustments are thus made, 
the locotractor, if necessary, being placed 
over a pit. If the repairs necessitate 
withdrawal from service, the spare loco- 
tractor is used. 

The re-fuelling and daily inspection 
take about 40 minutes. 

The petrol reservoir at the shed has a 
capacity of about 18000 litres (3960 


Fig. 13. — Inside view of locotractor shed. 
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British gallons) and consists of three emptied by gravity; a special meter re- 
tanks placed underground. The petrol cords the petrol received. Petrol is 
is delivered in tank wagons which are distributed to the locotractor by means 
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Fig. 14. — Repair shop for locotractors. 


of a small rotary electrically driven pump 
which forces the petrol through a special 
regulator and meter to a flexible pipe 
terminating in a cock which is placed in 
the petrol tank. The petrol is thus en- 
tirely enclosed while being handled and 
the loss is reduced to a minimum. The 
plant is fitted with, the regulation devices 
for protection against fire (sand and 
chemical extinguishers). The shed 
measures 20 m. X 6 m. (6541/2 >< 19 
feet) and has a pit 15 m. (49 feet) long 
and good natural lighting is provided. 
Artificial lighting is provided by 200 
candle power lamps and plugs for port- 
able lamps are installed on the walls and 
in the pit... A 1000-kgr. (1-ton) hoist 
on: a. cross beam allows heavy parts to be 
moved. The workshop (fig. 14) has a 
floor space of about 30.2 m? (325 sq. 
feet); the stores 20.3 m® (249 sq. feet). 
The machine tools are arranged in the 
shop so as to allow sufficient space in the 


‘assistant foreman. 


middle for work on an engine or gear 
box. ; 

A special staff is employed under a 
technical foreman, who is also in charge 
of the drivers and who is assisted by an 
A specially trained 
motor mechanic is attached to the shop 
and carries out all the repairs and adjust- 
ments; two fitters are occupied on small 
vepairs and decarbonisation. The total 
staff of the shop is therefore 5, in addi- 
tion to the-drivers. The hourly running 
expenses of a locotractor at eh Lazare 
station were as follows in 1925 


ds Poitoles escmretatee).;> 945. ir: 

Ointeanes cuss: ~ 080i. 
2— Labour 6.70 fr. 
3.— Repairs 1.60 fr. 
4.— Depreciation 450 fr. 


Total 22.80 fr. 


Comparing this cost.with that of steam 
locomotives, calculated on the same basis, 
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the locotractors show an economy of 
AQ’, 

It should be noted that these locotrac- 
lors were put into service at Paris-St. La- 
zare in order to avoid smoke and steam. 

The Paris-Orleans only possesses one 
100-H. P. locotractor and do not for the 
time being propose to extend the use of 
this type of power. They mention that it 
necessitates specially trained mechanics 
thoroughly conversant with the engine 
and able to carry out a rapid decarboni- 
sation. 

The Paris, Lyons & Mediterranean gives 
the following cost per hour for a 100-H.P. 
locotractor in 1927 in francs : 


1— Petrol 2500 (1142 1. [25 British 
gallons |) 
Oil 1448 (0186 kgr. [0.41 Ib.j) 


Miscellaneous 0.08 
2.— Drivers’ wages 5.44 
3.— Inspection and repairs 
ated) 
4.— Depreciation on 6 years’ life 15.00 
Total 50.70 fr. 


Baudet-Donon-Roussel tractors of 40 H.P. 
have been employed on the French Est 
since 1923 for light shunting and at small 
stations where not more than 10 wagons 
as a maximum are dealt with. They are 
satisfactory as replacing hand shunting 
or shunting by horses or capstans. They 
have not sufficient reserve of power to 
shunt a cut of a large number of wagons 
and -are not satisfactory where this is 
necessary, as for example in an important 
station, as shunting then becomes too 
slow. 

They are suitable for handling total 
weights not greater than 200 tons. 

Between stations, when running light, 
locotractors have a speed of 40 km. 
(25 miles) per hour and can easily fit 
in between goods trains. As they can be 


3.70 (estim- 


quickly placed in a siding and take but 
litile space, they do not delay traffic. 
For taking a few wagons from station to 
station, they can run from 30 to 35 km. 


(18.6 to 21.7 miles) per hour if the load | 


is not more than three wagons. The use 
of these engines for working the traffic 
to and from stations where this is very 
light allows the’ number of stopping 
freight trains to be reduced, thus enab- 
ling more through trains to be run, which 
is an appreciable advantage on lines with 
very heavy traffic. 

The locotractors consist of a flat wagon 
7.40 m. (24 ft. 33/8 in.) long, with two 
axles 3.45 m. (11 ft. 4 im.) apart; the 
frame of the wagon carries another frame 
which supports the whole of the mecha- 
nism, namely, engine, gear box, reserve 
gear and driving pinions. 

The engine, which has 4 separate cy- 
linders, can develop 40 H. P. at 1000 
revolutions per minute, It is fitted with 
a governor which limits the revolutions to 
this amount. Cooling is by thermo-syphon 
and radiator without a fan. The radiator 
is connected with the reservoir of 4 200 li- 
tres (264 British gallons) and carried at 
the front end of the wagon, under the 
floor. Forced lubrication is provided 
for the crank shaft and splash lubrica- 
tion for the rods, cylinders and pistons. 

The clutch is of the multiple corrugat- 
ed disc type running in oil, and may be 
slipped when starting without overheat- 
ing or wear. It is connected to the gear 
box by a special coupling, which allows 
the clutch to be taken down without in- 
terfering with the engine or gear box. 

The gear box has 412 speeds ranging 


from 1 to 40 km. (0.9 to 25 miles) per 


hour. Reversing is obtained by a bevel 

pinion driving bevel wheels on one side 

or the other. 4 
-Both axles are driving axles and are 


Ce 
— ee a 


— eS 


a 


TT a FF 


Q\ \ 


sivarsivi dl 


Fig. 46. — Schneider locotractor, French Nord Railway. 


driven by roller chains; sanding gear is 
provided. 

An air compressor driven by the eng- 
ine provides compressed air for the 
brakes, whistle and for starting the eng- 
ine. 


The various controls are placed in a 
cab with glass windows, in the centre of 
the vehicle. 

The locotractor is provided with a brake 
on the transmission and with a brake 
operating 8 brake blocks on the wheels, 
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the latter brake can be operated either 


by the Weshinghouse system or by a 


hand screw. 
Behind the driver’s cab, a vertical cap- 


stan driven by the motor can produce a 
tractive effort of 300 kgr. (660 lb.) on 
the wire. rope. 

The tractors not in service stand espe- 


Cylinders. 
ie evolu ices Diameter Wheel-h 
o5 : per minute, of wheels. 
Number. Diameter. Stroke. 
Baudet-Donon . . . 4 125 mm. 140 mm, 1000 1.050 3.54 
(5 inches). |(5 1/2 inches). (3 ft. 5 3/8 in.) (118 
7 13/32 
Schneider . 4 135 mm. 170 mm. 1000 0.850 1 
(5 5/16 inches) .|(6 11/16 inches) (2 ft. 9 1/2 in.)} (5 ft 
Moyse + 125 mm. 150 mm. 1 450 1.050 2.77 
(5 inches), (6 inches). (3 ft. 5 3/8 in.) (9 ft. 


cially during cold weather in sheds pro- 
vided for this purpose; a small workshop 
is attached and a stores containing a stock 
of the most/ useful spare parts, a petrol 
store and a washing down platform. 

The purchase price in 1923 was 175 000 
fr., and the sinking fund contributions 
are spread over a life of 10 years. In 
order to guard against stoppage, one spare 
tractor is provided for every one in ser- 
vice, which also permits running repairs 
to be kept up to date. 

The consumption per hour is 5.5 litres 
(1.2 British gallons) of benzol and 0.3 
litres (0.07 British gallons) of oil. The 
tractor is driven by one man, who is head 
shunter and who receives an additional 
driving premium of 2 fr. per day over 
his ordinary salary. 

The cost of the shed and lines for stab- 
ling the tractor may be estimated at 
37 000 fr. 

The French Nord Railway uses the 


Baudet-Donon-Roussel (fig. 15), Schnei- 
der (fig. 16) and Moyse (fig. 17) loco- 
tractors for shunting in medium size 
stations for placing wagons in goods 
sheds and sidings and for attaching or 
detaching wagons from trains, _ 

The Schneider and Moyse locotractors 
are not fitted with capstans. The table 
above gives particulars of the internal 
combustion locotractors on the Nord 
Railway. 

Shunting is carried out by either haul- 
ing or propelling. The daily distance 
run is recorded by an instrument carried 
on the tractor and varies from 15 to 27 
km. (9.3 to 16.8 miles). 

About 1 to 2 hours are required per 
day for inspection and repairs, compared 
with the two hours required for raising 
steam in a steam shunting engine. 

The driver is a member of the traffic 
department staff, who in addition to his 
wage of 35 fr. per day, receives an extra 
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driving premium of 2 
driving. 

Up to the present no special sheds have 
been provided, but the Company have 


fr. per day while 


introduced in 1922, 


decided to build portable sheds which 


can be easily dismantled if required. 


Internal combustion locotractors were 
and their use has 


Type | 


i sites Weight hauled traight 
hae Speeds. speed eig’ auled on straig’ 
ish) of transmission. ve ial Grae 
2 40 By chains. 12 speeds- 30 to 40 km. |500 tons at 1.5 km. (0.9 mile). 
a0) 1.5 to 40 km. (18.6 to 25 200 to 250 tons at 7 km, (43 
(0.9 to 25 miles). miles). miles) per hour. 20 tons at 
40 km. (25 miles) per hour. 
5 55 Direct gear drive. 4 speeds- 16 (10 miles).|240 tons at 5 km. (3.1 miles) per 
8) 5 to 16 km. hour. 60 tons at 16 km. 
(3.1 to 10 miles). (10 miles) per hour. 
0 90 Hlectric and chain. 0 to 25 25 (15.5 miles).|600 tons at 4 km, (2.5 miles) per 
7) (15.5 miles). hour. 


heen extended to all stations where they 
can show an economy over shunting eng- 
ines. 

The average cost for locotractors, ex- 
cluding interest and depreciation, works 
out at 7 fr. per kilometre (11.20 fr. per 


_ tile) and 29 fr. per hour, as follows : 


Per km. (per mile.) Per hour, 

fuel . 4 46 
(6.40) 

lubricating oil 0.75 3 
(1.20) 

wages 1.25 5 
. (2.00) 

maintenance . 1.00 3) 
(1.60) 

7.00 99 
(14.20) 


A locotractor at hand may not only save 
the time an engine occupies in shunting, 
but also saves the tinie taken for the eng- 


-ine‘to*run’ to and from its shed. 


1—1%, 


A locotractor shunting in a station for 
8 hours only saved a whole 8 hour-turn 
in the working of the engine used to 
work the station. 

On the State Railways, the use of loco- 
tractors is extending yearly. 

The Paris, Lyons & Mediterranean is 
also satisfied with the results obtained 
with its Berliet locotractors, these having 
4 wheels and a power ranging from 26.5 
to 33.9 H. P., the speed of the engine is 
from 900 to 4 450 revolutions per minute, 
this speed being limited by a centrifugal 
governor which operates to weaken the 
strength of the mixture. The carburettor, 
in which the amount of air is mechanical- . 
ly regulated, gives economical running at 
all speeds. The petrol tanks contain 180 
litres (39.6 British gallons). 

The engine has 4 cylinders, 110 mm. 
(43/8 inches) bore by 140 mm. (54/2 
inches) stroke; east in pairs. 

Cooling is by a tubular -radiator and 


ake 
Poe 


a 
E 


fan, and a centrifugal water circulating 
pump is provided. 

The gear box has 4 speeds, while the 
drive to the wheels is by roller chains. 

The clutch is of the nrultple dise type 
with alternating steel and bronze discs. 

The engine is started up by a starting 
handle which automatically disengages. 

The frame is a rigid structure built up 
of rolled steel sections and plates. 

The locotractors are fitted with two 
independent brakes, one having segments 
acting on brake drums, the other being 
a screw brake operating blocks on the 
wheels. The former is instantaneous 
and is as powerful as the brake on the 
wheels. ; 

Four sandboxes allow sand to be ap- 
plied for either direction of running. 

The driver’s cab is open at the sides 
and has glass windows back and front. 

The Berliet locotractors are provided 
with capstans to move wagons on parallel 
lines or transversly to that on which the 


ig. 17. — Moyse locotractor, French Nord Railway. 


tractor is standing, these capstans being 
able to exert a pull of {400 kgr. (3.080 
Ib.) at the rim of the drum. The gear 
lever and clutch of the capstan is provid- 
ed outside the cab close to the drum, the 
clutch for the capstan being independent 
of the ordinary clutch. An accelerator — 
is also provided outside the cab for the 
use of the men working the capstan. 
Four rollers are placed at the corners 
of the frame to guide the capstan rope. 
The weight of the locotractors, includ- 
ing the ballast weight, is 15 to 16 t. (14.8 
to 15.7 Engl. tons). sha 
A bell is provided to give warning and 
lighting is by acetylene. ; 
The tractor is capable of starting on 
the level and hauling at 3 km. (1.8 miles) 
per hour a load of 250 tons with coup- 
lings initially slack, or 180 tons with tight’ 
couplings. 


16 km. (40 miles) per hour, which is its © 
maximum speed. 


Tt can haul 170 tons at 7 km. © 
(44 miles) on the level, or 65 tons at ~ 
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The cost per hour of shunting with a 
Berliet tractor in 1927 was 27.15 fr. made 
up as follows : 


Petrol : 13.26 
a ae 6 
Miscellaneous . 0.07 
Driver’s wages 5.44 
Depreciation 5.00 
General repairs 1.07 
Running repairs . eee 1-19 

Total 27.15 


The North of Spain Railways have had, 
since 1925, two 9-t. (8.9 Engl. tons) loco- 
tractors with 4-cylinder, 50-H. P. engines 
which can haul 200 tons at 45 km. (28 
miles) hour on the level. They are of 
the same length as an ordinary wagon 
and can turn on turntables; they are pro- 
vided with capstans for turning themsel- 
ves or other wagons. 

Transmission is by chain to the rear 
axle, so that only the adhesive weight on 
this axle is available, but tractors which 
will be ordered in the future will drive 
both axles. 

The locotractors are fitted with sand- 
boxes. 

They have four speeds in each direc- 
tion and may attain 15 to 20 km. (9.3 to 
12.4 miles) per hour. 

They are used in stations of moderate 
size, either to replace shunting engines 
‘in stations where these can hardly be 
justified but where horses cannot cover 
the work or to replace horses. 

They are also used in certain sections 
of large stations. 

They can handle cuts of a few wagons, 
either 6 to 8 loaded or 10 to 15 empty. 

They have the advantage of being al- 
ways ready for use and be able to go 
where locomotives cannot pass by MIDS 
the wagon turntables. 


13* 


_ They are generally used for hauling. 

They are driven alternately for 8 hours 
by a trained mechanic and by an assist- 
ant. The mechanic is responsible for 
maintenance and small repairs which he 
carries out with the aid of his assistant. 
Heavy repairs are effected by staff un- 
der headquarters at Madrid. . 

The Company states that it is satisfied 
with the results obtained since 1926 and 
proposes to purchase three additional 
tractors, 

The cost of fuel, ete., is calculated at 
2.5 pesetas per hour, the cost of repairs 
1200 pesetas per year, the cost of main- 
tenance 0.45 peseta per hour in service, 
and wages cost 1.1 pesetas. 

The first cost is 40 000 pesetas. 


B.— Steam locotractors. 


The four steam locotractors used by 
the French Nord Company (figs. 148 and 
19) can haul 120 tons on the level. They 
can be used either as tractors, or as cap- 
stans, for shunting by means of turn- 
tables. They are driven by one man, a 
shunting driver. Two hours are neces- 
sary to raise steam. They are fitted with 
hand brake and steam brake. 

They have been used for about 40 years. 

The cost of an hour’s shunting is ab- 
out 15.25 fr., of which fuel, lubrication, 
water and lighting cost 3.90 fr., mainte- 
nance 2.60 fr. and wages (one driver) 
8.75 fr. 


C.— Other locotractors. 


The Nord Company propose to test 
electric battery tractors and producer gas 
tractors using wood charcoal. The 
French State Railways have tried fitting 
a wood charcoal gas producer to one of 
their internal combustion tractors, but 
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Fig. 19. 


the decrease in the power of the engine 
caused this to be abandoned. The trial 
will be resumed with a specially designed 
engine. 

The Italian State Railways are carrying 
out tests with 40 to 60-H. P. locotractors 
using fluid naphtha (a fuel costing one 
sixth or one seventh the price of petrol). 


1,870 Jt! _4,160 


-— French Nord locotractor. 


{ Tractors on road wheels, - 


Tractors on road wheels have been used 
since 1922 by the Paris, Lyons & Mediter- 
ranean, and since 1925 by the French Est; 
the North of Spain Railways emp iey one 
at the Port of Santander. 


The « Bauche» tractor in use on the 


183 
X= 


two French railways is of narrow width 
and runs between the rails; it consists 
of a combined engine and gear box, the 
casing being of cast steel and serving 
as a frame. 

-The lower part of the crank case car- 
ries the leading axle and the gear box is 
supported by the two hind wheels. 

The engine has 4 monobloc cylinders 
of 75 mm. (2 15/46 inches) bore « 125 
mm. (5 inches) stroke, developing 418 
H. P. at 1 400 revolutions per minute. Its 
speed is limited to 1400 revolutions per 
minute by a centrifugal governor. Cool- 
ing is by finned tube radiator with fan 
and circulating pump. Splash lubrication 
is used, although the outer bearings of 
the crank shaft and connecting rods are 
lubricated by a pump. 

A cone clutch lined with ferodo is 
placed between the engine and the gear 

box, the latter having two speeds for- 
ward of 3.1 km. and 5 km. (19 and 3.1 
miles) per hour, and a reverse speed of 
3.4 km. (1.9 miles). 

The wheels are fitted with rubber tyres 
and the carrying and steering leading 
wheels are carried on stub axles, steering 
being controlled by an irreversible rack 
steering gear. 

The two back wheels which drive 
not provided with a differential. 

The rear part of the tractors is provid- 
ed with a platform carrying the driver's 
seat and foot controls. It is fitted with 
a hand brake and draw gear with springs 
and shock absorbers. It is 1 m. (3 ft. 
33/8 in.) in width and 2.60 m. (8 ft. 
63/8 in.) long. The tractive effort is 
1800 kgr. (3 960 Ib.) on the lowest speed. 

The Bauche tractor hauls wagons by 
means of a cable 8 m. (26 ft. 3 in.) long 
fitted with a special hook. It may also 

propel the wagons by means of a special 


are 


buffer consisting of a cross member fix- 
ed at the front of the engine. 

Jt is always ready for use provided it 
is supplied with fuel and lubricant. 

The tractor is used in sorting a 
as follows : 

a) between periods of shunting to go 
along the sidings and close up any wa- 
gons as may be required; 

b) during shunting in going from « one 
track to another where it is required: it 
does not cross the rails except under the 
protection of a man provided \with a 
scotch block to stop any wagon which 
may approach. Crossings are, however, 
as a rule not carried out except when it 
is known that no wagons will be sent 
along the track in question, the man in 
charge who controls the movement of the 
tractor being provided beforehand with 
information as to the numbers of sid- 
ings on to which wagons will be shunted. 

The tractor is able to deal with 20 to 
15 tracks without any assistance from a 
shunting engine; the opinion of the 
French Est Railway is that this number 
may be increased when more experience 
has been gained with the use of this 
method and when crossings made of old 
sleepers have been provided for cross- 
ing the tracks. 

The French Est Company points out 
that the following objects may be gained 
by this method: 


1. To save, in some cases, the use of a 
special engine for closing up wagons in 
cases where such an engine is necessar- 
ry. 

2. To save the use of one shunting 
engine while dealing with the same 
number of wagons. 


If, in practice, two shunting engines 
are used, each of these, after disposing 
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of the wagons, run down the incline and 
closes the wagons on a certain number 
of tracks (3,4 or 5 according to circum- 
stances) and then returns to the arrival 
sidings to propel another rake of wagons 
over the hump. When this engine is 
clear of the incline, the second engine, 
which is in readiness with its wagons, 
commences to propel these over the hump. 
This method of working sometimes cau- 
ses a delay of 20 to 25 minutes. 


3. To appreciably increase the output 
of the sorting sidings by ensuring conti- 
nuous operation. 


With present day methods, the maxi- 


mum output may be obtained by using 


two engines for propelling wagons over 
the hump, with an additional engine for 
closing wagons in the sidings. Howe- 
ver, as mentioned above, this arrangement 
does not allow continuous working, as 
the latter engine can only operate bet- 
ween the shunts. 

This is not the case with the tractors, 
and the French Est Company estimates 
that the latter allow them to obtain, am- 
ong other economies, continuous opera- 
tion, thus increasing the output of the 
sorting sidings and appreciably postpon- 
ing the time when fresh accommodation 
would be required to deal with increas- 
ing traffic. It would obviate the neces- 
sity for shunting in other sidings to re- 
lieve the work in the sorting sidings, 
which is very inconvenient. It would, 
at the same time, avoid the equally costly 
results from choked sorting sidings, 
holding up of rolling stock and delay in 
handling goods. 

The use ‘of the Bauche inter-rail trac- 
tors necessitates the provision of tracks 
and crossings in the yards where the 
tractors are used. The tracks can be 
inexpensively made by old sleepers co- 


vered with ballast, and should be kept in 
good order. 

Specially trained drivers are employed 
who have to undergo a theoretical and 
practical examination. 

One or two men with the necessary 
technical skill are required for lubrica- 
tion and running repairs, 

Im order to avoid any interruption 
through the tractors being out of service 
and to ensure that these are kept in good 
repair, each yard is given a number of 
spare tractors equal to the number in re- 
gular use. 

The tractors are housed in special 
sheds when they are not in service, par- 
ticulary during cold weather. 

A small workshop with a stock of the 
more important spare parts, petrol reser- 
voir, stage for cleaning and ramp for 
loading up on the wagons has been pro- 
vided to facilitate the maintenance and 
re-fuelling of these tractors. 

Before using the Bauche tractors with 
rubber tyres, the French Est Railway had 
used tractors with caterpillar tracks and 
tractors with steel wheels with bars on 
the rims to obtain a grip. The use of 
caterpillar tracks was abandoned on ac- 
count of the expense caused by the rapid 
wear of the caterpillar tracks and of the 
drive. The use of steel wheels was ab- 
andoned in view of the wear of the bars, 
their lack of adhesion after a short tinre 
in service and the rapid destruction of 
the tracks caused by these wheels. 

The Bauche tractors cost about 45 000 
fr., the life being taken as 10 years; their 
hourly consumption is 32 litres (0.7 
British galion) of petrol and 0.25 litre 
(0.055 British gallon) of oil. 
pense of the additional out-lay (tracks, 
workshop, petrol store) is about 200 000 
fr. per shunting yard. 

The following figures are given by the 


The ex- _ 
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French Est Railway for two tractors used 
simultaneously for two periods of eight 
years: 


Annual capital charges, trac- 


tors eh 32.500 fr. 
Annual capital charges, 

tracks, workshop, etc. . 20 000 fr. 
Fuel and maintenance of 

tractors 160 000 fr. 
Maintenance of tracks, etc... 25 000 fr. 
Wages . 180.000 fr. 


Total 407500 fr. 


The Paris, Lyons & Mediterranean uses 
a Bauche tractor for placing or handling 
isolated wagons; they have also three 
Latil tractors which run on a paved track 
and which may be used in cases where a 
shunting engine or locotractor cannot be 
used, 

This tractor has 4wheel drive, steer- 
ing being by the two front wheels. The 
wheel base is 2.10 m. (6 ft. 10 21/32 in.), 
the width 1.70 m. (5 ft. 7 in.) and the 
total space occupied 4.70 x 2.08 x 1.80 
m. (15 ft. 5in. x 6 ft. 10 in. x dft. 11 
in.). 

The engine, with 4 monobloe cylinders, 
develops 35 H. P. at 1 200 revolutions per 
minute; it is fitted with a centrifugal go- 
vernor. Cooling is by thermo-syphon with 
radiator and fan at the rear. There are 
5 speeds for forward running, viz., 3, 5, 
8, 15 and 25 km. (1.8, 3.4, 5, 9.3 and 
15.5 miles) per hour and one speed 
(4 kny. = 2.5 miles per hour) in reverse. 
Above 15 km. (9.3 miles) per hour this 
drive is direct. The steering gear is of 
the screw and nut type. Rubber tyres 
are used, one on each of the leading 
wheels and two on each of the rear 
wheels, a foot brake operating on the 
transmission brakes of 4 wheels; a hand 
brake acts on the two rear wheels. 


The reservoir has a capacity of 85 litres 
(18.7 British gallons). 

The tractor weighs 3500 kgr. (7700 
Ib.) and can be turned in a radius of 
6.50 m. (24 ft. 4 in.). 

The differential can be locked to in- 
crease the adhesion when, owing to. the 
nature of the ground, one of the wheels 
slips. 

Wagons may be propelled or hauled; 
a wooden cross beam fixed at each end 
of the frame acts as a buffer; a draw 
hook is fixed at either end, the rear hook 
being fitted with a spring. 

A platform with padded seat for the 
driver is provided at the front, while a 
hood at the back fitted with a large open- 
ing allows a clear view to be obtained to 
the rear. 

Acetylene lamps are provided. 

The cost of the Latil tractors was 
48 000 fr. in 1921. 

The cost per hour of shunting for the 
Latil and Bauche tractors is given by the 
Paris, Lyons & Mediterranean as follows : 


Latil Bauche. 

tractor. tractor. 

Franes Franes 

Petrol . wae tb O5 4 AOD 
Oil 5 (lt Mo poSan eh ger ate 33} 1.60 
Miscellaneous ; 0.50 0.51 
Wages and maintenance 3.44 544 
Repairs and renewals 4.50 4.50 
Depreciation 3.00 3.00 
21.00 419.45 


The Paris, Lyons & Mediterranean Com- 
pany also employs three 40-H. P. tractors 
on their Algerian lines; they can haul 20 
loaded wagons or 30 empty wagons on 
straight level track; they are used for 
shunting at the Port of Algiers; the wa- 
gons for the port are placed on a line ac- 
cessible to the tractor which takes these in 
small consigments and distributes them 


186 


XE[—94. 


as required for loading, the reverse ope- 
ration being carried out on the return 
trip. The tractor also places wagons 
which, having been unloaded at one part 
of the docks, have to be re-loaded at an- 
other part. Wagons are generally hand- 
led by haulage, but in some cases are 
propelled or hauled by means of a cap- 
stan which is fitted to the tractor; this 
capstan can also be used for turning 
wagons on turntables. 

Owing to the low speed at which the 
tractor runs, this work can be carried 
out safely, although no brakes are used 
except those with which the wagons are 
fitted. 

No information is given as to any da- 
mage done to the tracks; all the lines in 
the docks are, however, fitted with check 
rails and set in paving stones. 

In addition to the man in charge, the 
use of a tractor necessitates a driver, 
coupler and pilot; the latter is necessary 
on account of the regulations governing 
shunting in docks. 

The tractors have been used in Algeria 
for 3 years and their use will be extended, 
being much more flexible than that of 
shunting engines. Wagons can be plac- 
ed as required by traders much more 
quickly and cheaply than with locomoti- 
ves, as the tractor can run easily between 
the road vehicles and stacks of goods and 
is thus less liable to be blocked in. 

Their petrol consumption is 9 litres 
(2 British gallons) per hour. The total 
cost of the tractors was only 100000 fr. 
and the shed in which they are kept cost 
10000 fr., including the pit. 

The Paris-Orleans uses a Fordson trac- 
tor for shunting wagons at Nantes-Mari- 
time station. The experiment has not 
proved economical, serious drawbacks 
having appeared, and it has been aband- 
oned. 


On the North of Spain a Fordson trac- 
tor is used by a contractor to replace hor- 
ses at the Port of Santander to take wa- 
gons from the station to the docks. 

The Belgian National Railway Company 
carried out a test some years back on a 
Fordson tractor for shunting wagons; 
this tractor, running between unpaved 
lines, caused damage to the track and the 
test has been abandoned. 

The Belgian National Railway Compa- 
ny have decided to test the Bauche trac- 
tor in a marshalling siding. 


Capstans. 


The Est uses electric capstans with 
drums of either one or two diameters. 

In the capstans which have drums of 
two diameters, the 1st size which is 180 
mm. (73/32 inches) diameter, produces 
a force of 2000 kgr. (4440 Ib.) when 
starting and a normal pull of 660 ker. 
(1450 Ib.) at a speed of 0.55 mv. (4 ft. 
941/16 inches) per second. The second 
drum, which is 300 mm. (11 13/16 in.) 
diameter produces a starting force of 
1200 ker. (2640 lb.) or a force of 400 
kgr. (880 lb.) at a speed of 0.95 m. (3 ft. 
41/8 in.) per second. 

In the capstans which have one diame- 
ter of drum only this is 300 mm. 
(11 13/16 inches) and produces the same 
forces as the second drum of the two 
diameter capstans.*”. 

The power of the electric motors is 
8 kw. 

The capstans with one drum cost about 
10000 fr., while the others cost about 
11.000 fr. excluding the electric power 
lines, the cost of which ranges from 4 000 


to 6000 tr. per capstan according to cir- 


cumstances. 

The capstans are as a rule operated by 
the ordinary station staff and specialists 
are not required for their use. 
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These devices are used in some stations 
for shunting wagons in goods sheds and 
tranship sidings, 

The Paris-Orleans Company has used 
Hillariet electric capstans since 1904 and 
their use is being extended wherever pos- 
sible. 

They are made of two types, both being 
suitable for an alternating current of 500 
volts. 

One type produces forces of 1200 and 
2000 kgr. (2 640 and 4400 lb.) on drums 
of 300 mm. (1443/16 in.) and 180 mm. 
(73/32 in.) respectively. The speed at 
half the maximum pull is 0.70 m. (2 ft. 
31/2 in.) per second. The speed when 
running free is 1.40 m. (4 ft. 7 in.) per 
second. 

The other type produces a pull of 2 400 
kgr. (5280 Ib.). The speed at half ma- 
ximum pull is 0.37 m. (4 ft. 29/16 in.) 
per second, and the speed when running 
light is 0.73 m. (2 ft. 4 3/4 in.), 

The ropes are as a rule 100 m. (328 ft.) 
long. 

The distance between the drum and the 
outer edge of the nearest rail should be 
about 1.50 m. (4 ft. 11 im.) so as to avoid 


. danger to the staff and not give too in- 


direct a haul. 

For capstans which only make 4 or 5 
shunts per day, a weekly inspection is 
sufficient. If they are in continual use, 
lubrication and inspection of the elec- 
trical parts should be carred out daily. 

The ropes are of hemp and manila, or 
mixed with a steel wire core. The latter 
are liable to injure the operators by the 
steel wires breaking and coming through 
the hemp. It is very important that the 
rope should be flexible. The Paris-Or- 
leans uses 4 strand ropes, each strand being 
made up of a large number of yarns, and 
does not use 3-strand ropes which are less 
flexible and wear more rapidly. The 


ropes are from 25 to 35 mm. (1 inch to 
13/8 inch) in diameter. 

As regards the guide pulleys, these are 
placed 1.20 m. (3 ft. 119/32 in.) from 
the outer edge of the nearest rail. 

The capstans are used for placing and 
removing wagons from goods sheds hy 
means of turntables, for serving certain 
sidings which are only accessible by turn- 
table and for hauling empty passenger 
stock into platforms. 

They are worked by two men, a shunter 
and his assistant, the former attaches or 
detaches the cables from the wagons, 
while the latter operates the capstan. 

The following figures are given by the 
Paris-Orleans for the use of capstans, 
and the results are very good. 

The cost of a capstan, including the 
cost of installation, is 17 700 fr. 

The wages of the two men who operate 
it are 30 145 fr., but they operate as many 
as say 5 capstans according to circum- 
stances. 


We have therefore then: 


Annual expenditure: 


Franes 
Denreciationyen cs)... 4. 2 655 
Electricity 0.65 < 1000 kw. 650 
Cost of cables, average 2 000 
Total: 6490 
Wages ath ae — 6 023 
Total: 12243 


35 fr. per 8-hour day. 

The French Nord has electric capstans 
with guide pulleys at 32 stations; the 
force produced being 400, 900 and 1 100 
kgr. (880, 1980 and 2420 Ib.) according 
to type; it is possible to haul 50 tons at 
1.5 m. (4 ft. 14 in.) per second. The 
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ropes are 100 m. (328 feet) long, which 
gives the capstan a range of action of 
about 75m. (246 feet). 

The Paris, Lyons & Mediterranean also 
employs electric capstans with hemp 
ropes. 

Electric capstans are also in service 
on the Belgian National Railway Com- 
pany at the Antwerp Docks for placing 
wagons alongside ships in lieu of animal 
haulage. 


Traversers. 


The French Est Railway uses electric 
traversers. 

a) having a table 10.50 m. (34 ft. 5 in.) 
long capable of dealing with wagons hay- 
ing a wheel base of 9.67 m. (31 ft. 9 in?) 
and a weight of 46 t. (45.3 Engl. tons) ; 
they can also haul 600 tons. 

b) having a table 9.80 m. (32 ft. 2 in.) 
long for 22-t. (21.6 Engl. tons) wagons, 
and capable of hauling 160 tons for one 
type and 100 tons for another type. 


The first cost of the 10.50-m. traverser 
is about 150000 fr.; the working costs, 
including depreciation, are about 25 000 
fr. per annum, excluding labour, which 
is supplied by the ordinary station staff. 

The traversers are used for shunting 
at certain stations and tranship sidings. 

The Paris-Orleans also uses traversers 
for marshalling and sorting fast freight 
trains and for moving wagons along fast 
goods platforms. They can deal with a 
maximum load of 50 tons. Asa rule they 
take alternating current at 500 volts. 

The staff required is as follows: 


1 traverser man (labourer). 
! shunter in charge. 
41 cable man (labourer). 


They have been used since 1904 at all 
places where they can be employed with 
advantage. 


They are very suitable for shunting 
fast freight traffic in dead-end stations 
and cost 30000 fr.; it is stated that a 
considerable amount of current is used 
for traversers in continual use, being! 
9000 kw. per year. 

The French Nord uses electric traversers 
at two stations for serving goods sheds, 
° at Lille St. Sauveur and one at Amiens. 
They have 5 traversers in use at La Cha- 
pelle-Charbons for handling coal traffic, 
these being operated by means of a cap- 
stan, the sheds and sidings being diffi- 
cult to lay-out with points and crossings. 

The Paris, Lyons & Mediterranean also 
uses traversers running on transverse 
tracks and hauled by electric tractors or 
steam tractors. 

The North of Spain Railways state that 
they employ electric traversers and trac- . 
tors with capstans. 

The Belgian National Railway Company 
uses traversers operated by electric cap- 
stans for shunting at Antwerp Docks on 
lines which are not accessible by points 
and crossings. : 


Miscellaneous. 


1. The Paris, Lyons & Mediterranean 
states that it has tested a trolley fitted 
with a hand winch driving a wheel run- 
ning on the rail. No further particulars 
are given. © 

2. The use of special pinch bars is men- 
tioned by the Paris, Lyons & Mediterra- 
nean and the Belgian National Railway 
Company for small movements of single 
wagons. \ 

3. Horses are still employed in certain 
stations on the North of Spain, Paris, 
Lyons & Mediterranean, French State, 
Paris-Orleans and French Est. The ten- 
dency is to replace them by tractors or 
capstans. The horses are hired by the 
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day or hour; the price varies in France 
between 30 and 60 fr. per day for a horse 
and driver. 


* : * 

To summarise, the special methods of 
haulage which may be effectively used 
for shunting in stations of minor import- 
ance and for certain shunting operations 
in large stations are as follows, as far as 
coneerns the administrations dealt with : 


41— Locotractors running on the rails, 
frequently fitted with capstans, and driv- 
en by one man. 

Internal combustion locotractors are 
in use on the North of Spain, on the 
French Est, Paris, Lyons & Mediterra- 
nean, French State Railways, Paris-Or- 
leans and French Nord. 

Steam locotractors have been used for 
as long as 40 years by the French Nord. 

The most up-to-date rail locotractors 
have internal combustion engines work- 
ing on petrol. There is a tendecy to 
substitute cheaper fuels, or those which 
can be produced in the country, for pe- 
trol, such as gas produced from wood 
charcoal. The use of storage battery 
locotractors has also been considered 
with the same object. 

The locotractors replace smal] shunting 


engines or animal haulage. They have 
the advantage that they can go to places 
were locomotives cannot be worked ow- 
ing to the possibility of their being tur- 
ned on wagon turntables. 

In one case where they have been used 
in place of locomotives in order to avoid 
the effects of smoke and steam, their 
use has resulted in an economy of 40 °/,. 


2.— Internal combustion tractors run- 
ning on rubber tyres. These are used 
on the Est and Paris, Lyons & Mediter- 
ranean in France and also on the North 
of Spain. 

They replace either locomotives or 
horses under certain conditions. The 
use of a tractor sufficiently narrow to 
run between the rail tracks in order to 
close up wagons which have been sorted 
out at gravity sidings is of particular 
interest. 

3.- Electric capstans. 

4— Electric traversers or traversers 
operated by an electric or steanr tractor. 

Capstans and traversers are mainly 
useful for placing wagons in sidings 
which are not accessible by means of 
points. 

The use of horses for shunting tends 
to disappear. 
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I. —- Extent of motor vehicle traffic 
in Germany. 


In Germany, as in other countries, mo- 
tor vehicle traffic has developed to such 
an extent as to have an acute effect, both 
on the railways and on German domestic 
economy. 

Statistics are wanting, in Germany as 
in all other countries, which include the 
whole of the working results of the mo- 
tor vehicle traffic. Accurate figures 
concerning passenger and _ tonne-kilo- 
metre statistics, are only available for a 
few undertakings, such as the Omnibus 
department of the German Post Office 
and the Motor traffic branch of thé 
Deutsche Reichsbahn Gesellschaft. On 
the other hand, there exists a comprehen- 
sive official statement, giving the number 
of power driven vehicles. In appendices 


4 to 3 the correct totals for 1914 and for. 


the years 19211929 are tabulated. 

The figures therein given show that 
between the years 1914 and 1929, the 
number of motor vehicles has increased 
thirteen times. 

The statistics also give important infor- 
mation as regards development which 
will be gone into later. 

More than 80 % of the total number 
of vehicles come under the head of pass- 
enger carrying vehicles. In this class, 
the motor bicycle has increased enorm- 
ously in numbers during the last few 
years and holds the first place as far as 
numbers go in the total of the passenger 
carrying vehicles, next come the 2—6 
seater motor cars and after them the mo- 
tor bus. 

Apart from the omnibuses, only about 
21/2 °/, of the passenger carrying vehic- 
les are employed in commercially manag- 
ed passenger traffic. Thus, by far the 


greater number are employed on non- 
commercially operated traffic. 

The numbers of the motor lorries have 
increased in almost equal ratio to those 
of passenger vehicles. The greatest in- 
crease comes under the head of the light 
lorry with a carrying capacity of 2 tons. 

This type stands well at the top of the 
list of weight carrying vehicles. 

Of late years the number of motor 
tractors in service has largely increased, 
as have also the numbers of moter lor- 
ries of the heavy type, with a capacity of 
over 5 tons, while the medium type of 
lorry with a weight capacity of 4 tons, 
which formerly held a prominent posi- 
tion, has increased in numbers much 
more slowly and has even shown a fal- 
ling off in numbers. 

The majority of motor lorries are not 
the property of transport undertakings 
but belong to industrial and commercial 
concerns who themselves operate as car- 
riers. 

All the motor vehicles which are wholly 
or in part engaged in local traffic are in- 
cluded in the statistical returns. It is not 
stated in the statistics how many vehicles 
of each kind are engaged in this form of 
traffic, or in cross country traffic. On- 
ly for the motor omnibuses can it be 
said that 3/4 of them are operated on 
cross country work. 

It is only possible to give an approxi- 
mate estimate of the total passenger and 
tonne-kilometres run by the motor vehic- 
les in cross country service. 

It is assumed that during the year 1928 
the total passenger-kilometres run 
amounted to about 14 milliards 
(8 700 000 000 passenger-miles) ; 

The total tonne-kilometres run were ab- 
out 4 milliards (2 450000000 Engl. ton- 
miles). About half this mileage has to 
be allocated to cross country service. 
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As against these figures the Reichs- 
bahn ran 47.65 millards of passenger-ki- 
lometres and 66.5 milliards of goods ton- 
Kilometres (29 600 000000 passenger-mi- 
les and 40670000000 English ton-miles 
respectively). 

Of the Reichsbahn figures, only a small 
proportion is due to local traffic, 

When it is realized that the figures for 
motor traffic are not very reliable, it is 
certain that motor vehicle traffic, in spite 
of its great increase, is to-day and will 
be for some time of less magnitude than 
that of the railways and also of less im- 
portance for the public. 


II. — The various kinds of motor 
vehicle traffic. 


1. — Traffic carried by the smaller 
passenger vehicle. 


There is no doubt that the light 2—6 
seater motor car has brought upon the 
roads an increasing amount of entirely 
new traffic. 

This is true, not only for the purely 
local sphere in which the increase of traf- 
fic in the streets is clearly visible to 
every one, but also for long distance traf- 
fic, even in those connections where rail- 
way facilities already exist. 

The reasons for this are to be found in 
the well known advantages which the 
motor vehicle can offer. 

These are the independence, the pos- 
sibility of very much quicker travel over 
short and medium distances, the special 
charm of travelling through beautiful 
surroundings and finally, when the ow- 
ner of the car drives it himself, the sport 
and amusement. Added to this is the 
interest which every car owner has, in 
getting the greatest possible use out of his 
machine, and it is these circumstances 
which taken as a whole are often the 


reason that the car is used in preference 
to the railway. 

It is hard to say with certainty, that 
any particular journey made by car has 
deprived the railway of traffic or to say 
that in the absence of a car the journey 
would not have been undertaken, but it 
is certain, that of the journeys made, a 
considerable fraction of those made for 
pleasure or business purposes, represent 
a loss of traffic to the railways. : 

This loss is the more serious for the 
railways in that it has to do with the 
better class passenger, who mostly travels 
by rail at the normal rate, while a con- 
siderable number are carried in the up- 
per classes. The passenger traffic car- 


~ ried at reduced rates, and especially the 


large workman and employee traffic, re- 
mains almost entirely in the hands of the 
railways. 

As reduced fare concessions and ad- 
justments of rates for the individual 
classes in the normal tarif are dependent 
on the possession of the more valuable 
traffic, so must the loss of this traffic 
to the motor vehicle, of necessity, lead 
to a drastic levelling down of fares. 

This result had already commenced to 
take effect with the rate alterations un- 
dertaken in 1928, in the normal tarif of 
the German Railways. 

The fares of the new « Wooden Class » 
were raised from 3.3 pf. to 3.7 pf. 
per passenger-kilometre (5.3 to 6.0 pf. 
per passenger mile), as compared with 
the earlier fares of the fourth class, As 
against this, the fares of the second class 
were lowered from their former level of 


7.5 pf. to 5.6 pf. (12 to 9 pf. per pass- 


enger-mile). When concurrently with 
this recent refixing of rates, other cir- 
cumstances, such as the impoverishment 
of Germany, have caused the movement 
of many passengers from the upper to 
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the lower classes, the motor vehicle traf- 
fie is also exerting considerable in- 
fluence. 

The result of the competition of the 
motor vehicle for passenger traffic will 
be an inevitable increase in the cost of 
rail travel, especially for the heavy traf- 
fic of the great mass of the public. 


2. — Motor omnibus traffic. 


In the case of the motor omnibus it is 
necessary to differentiate between line 
traffic, that is to say traffic following a 
regular route, and excursion traffic. In 
accordance with the existing regulations, 
excursion traffic is free from all official 
control, while the operation of traffic 
lines is under the control of local Autho- 
rities. The license to operate is given 
to the undertaker in person. This lic- 
ense in general not only lays down the 
route to be followed, but also the stopp- 
ing places, and fixes also the time table 
and the fares. The lines worked by the 
German Railways including the Reichs- 
bahn work under license obligations 
especially when it is a case of traffic car- 
ried directly parallel to the rail, which 
might possibly replace train services. 

The German Postal Service alone is 
free from license obligation, in consider- 
ation of its former horse drawn, country 
wide connections, and in appreciation of 
its duty to deliver postal matter over the 
whole country, even where there is no 
rail provision. 

Any person, in common with the Rail- 
way Administration, whose interests may 
be affected, has the right to enter a pro- 
test against the deeision of the licensing 
Authority, concerning the starting or 
abandonment of a service, and this pro- 
test is dealt with by the Central Authority 
of the State concerned. 
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The experience which the railways have 
had with this regulation, which has re- 
mained practically unchanged since 1919, 
has not been altogether satisfactory. 
The disadvantageous reaction which com- 
petitive motor traffic has on the railway 
traffic is not always sufficiently consid- 
ered by the Licensing Authorities. The 
necessity for the setting up of a service, 
which in accordance with law must as a 
rule be agreed to by these Authorities, 
will usually be conceded, when local opi- 
nion supports the demand for the service. 

A thorough investigation is however 
only made, as to the value of the service 
to the common good, when it is a 
question of the selection from a number 
of alternative routes, of one, which if it 
is adopted, must condemn the rest. As 
against this, the value of a motor service, 
as compared with that of a railway service, 
adversely affected by its competition, is 
seldom investigated. 

The prescriptive right of a railway to 
motor services which directly trench upon 
its traffic spheres and which may cause 
competition, has so far not been recognis- 
edin Germany, Only one State Govern- 
ment has ruled that in the case. of a 
motor service whose competitive charac- 
ter is admitted, the railway affected shall 
have the option of undertaking the pro- 
posed service. The practical operation 
of this ruling is however, up to date, 
negligeable. 

As a rule the competitive character of 
a service will only ‘be admitted so long as 
it directly connects points already con- 
nected directly by rail, when the motor 
1oute is of the same approximate length 
as the railway section concerned and 
when the motor service transcends the 
dimensions of local service. 

These narrow limits are not in effect 
just, as the railways are responsible for 
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the maintenance of local traffic, — on 
the Deutsche Reichsbahn the average 
journey length is only 23.7 km. (44.7 
miles) — and they have to bear careful- 
ly in mind that many of the smaller and 
medium sized stations, can only be kept 
open for goods traffic as long as the pass- 
enger traffic of the surrounding places 
is worked by them. 

Taken as a whole the concession regu- 
lations have served rather to prevent the 
railways from setting up their own ser- 
vices, than to protect them from injurious 
competition. 

The total length of the motor omnibus 
service network in Germany is to day ap- 
proximately 55 to 60000 km. (34 to 
37000 miles) in length. 

It is of about the same length as the 
rail network of all the German railways 
put together, namely 57000 km. (35500 
miles). 

Far more than half the bus network 
is operated by the German Postal De- 
partment. This department had in 1928 
a network of about 36700 km. (22800 
miles) under its management. 

In spite of this the traffic carried by 
the omnibus services is very much less 
than that handled by the railways. For 
the year 1928 this was estimated at rather 
more than 2 milliards of passenger kilo- 
metres (1245000000 passenger-miles) 
or only approximately 4 °/, of the rail 
borne traffic of the Reichsbahn. 

The average length of the indiyidual 
bus routes on long distance traffic is at 
present about 18.5 km, (41.5 miles), In 
recent years however the numberof ser- 
vices running over longer distances is 
being steadily increased. There are now 
a large number of services with lengths 
of over 100 km. (62 miles). 

The long distance lines are mostly so 
called express services, which only serve 


terminals or at most a small number of 
intermediate stopping places. 

Motor bus fares vary between 5 and 
10 pf. per passenger-kilometre (8 and 
16 pf. per mile) or an average of 8 pf. 
(12 pf. per mile), therefore altogether 
higher than the fares for the « Wooden 
Classes » (+) of railway traffic and even 
considerably higher than those of the 
« Upholstered Classes » (2). 

The dearness of the bus fares is the 
reason that, when the motor bus comes 
into competition with the railways it at- 
tracts mostly only the more valuable traf- 
fic. The heavy business traffic remains 
almost entirely in the hands of the rail- 
ways, even in respect of places which do 
not lie directly on the railway and for 
which the motor omnibus undoubtedly 
provides a more comfortable mode of 
travel. 

It nrust not be forgotten that the motor 
bus has provided a welcome and econo- 
mical form of transport for places at a 
distance from the rail, and for poorly 
served districts, and owing to the open- 
ing up of these places and properties, 
has brought the railways a certain am- 
ount of feeder traffic. A similar and 
very useful omnibus traffie has been 
developed over large areas in Germany 
solely by the German Postal Department, 
which uses motor traffic in the way of 
an extension of the railway, as an aid to 
their postal delivery service. 

There are nevertheless many routes 
among the postal motor services which 
cause considerable competition with the 
railways. ~ 

They greatly exceed the competitive 
services run by the other motor transport 
undertakings, i. e. transport companies 
and private contractors. 


(1) 3rd and 4th classes. 
(2) Ist and 2nd classes. 


197 
NUL—147 


The reasons for this are clear. Motor 
transport businesses have as a rule no 
interest leading them to consider the traf- 
fic on the railways. The basic objec- 
tive always before them is to make their 
transport businesses as profitable as pos- 
sible. As a result of the high cost of 
motor bus working which, depending on 
the size of the vehicle and the nature of 
the route, lies between 0.55 and 1.40 Rm. 
per bus-kilometre (0.88 and 2.25 Rm. 
per mile), services can only be run at 
the fares given above, where a propor- 
tionate density of traffic ensures a good 
average patronage of the service. Owing 
to the density of the German railway net- 
work, which is so laid out that no place 
lies more than 18 km. (41 miles) from 
the nearest railway station, all districts 
with a sufficiently dense traffic are al- 
ready served by the railways. An exist- 


‘ing railway traffic naturally makes the 


choice of a location in which a profitable 
bus service can be set up, very much 
easier. 

In conclusion it must he stated that the 
development, up to date, of the motor 
bus traffic in Germany, has tended more 
in the direction of producing an inju- 
rious division of traffic, rather than in 
providing a useful addition to the exist- 
ing railway network. 

The economic result of the motor bus 
in respect of long distance traffic is at 
present very doubtful. 


3. — Motor lorry traffic. 


a) The motor lorry in local service. 


As in the case of passenger traffic, the 
use of the motor lorry for goods traffic 
has Jed to a considerable increase in pu- 
rely local traffic. 

But while in the case of passenger traf- 
fic, the increase has only affected the 


railways in the environs of a few big ci- 
ties, where the railways themselves have 
undertaken local services, it is otherwise 
in the matter of goods service. 

The development of the motor lorry 
has still further increased the subdivision 
of incoming and outgoing consignments 
at goods stations, because it has not only 
resulted in the use of more vehicles, but 
also in an increase of the number of ve- 
hicle owners. This has been followed 
by an increase in the cost of loading and 
dispatch for the railways, at least at the 
larger stations, because the large numbe: 
of customers who fetch their goods 
themselves and either dispatch themsel- 
ves or authorize agents to do so for them, 
makes the business troublesome, time 
wasting and impossible of supervision. 

This subdivision has also adversely in- 
fluenced the working costs of the car- 
riers, owing to the distribution of a not 
greatly increased amount of traffic bet- 
Ween a much greater number of vehicle: 
and carriers. This has increased the 
working cost considerably as compared 
with former times. 

It follows then that the higher cost of 
labour has increased the tendency of 
those seeking traffic to avoid so much 
running backwards and forwards, while 
the carriers are, on account of the small 
amount work done by their vehicles in 
local service, driven to activity in long 
distance service. 

In this way the expansion of the mo- 
tor lorry in local service is affecting the 
long distance motor lorry development. 


b) The motor lorry in long distance 
Service, 


It is necessary to distinguish between 
the motor lorry business which carries 
goods for third parties, and the so called 
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works traffic, which is operated by com- 
mercial and industrial undertakings witb 
their own lorries, for the purposes of 
their own businesses such as carriage of 
raw material, transport between detached 
establishments or delivery of goods to 
customers. 

It is only commercial traffic, and that 
only when it is run on fixed routes, that 
is controlled by official license. This 
license imposes the same conditions as 
for the bus services. In this matter the 
railways are subject to the same extent 
to the obligations imposed on the private 
contractor by the licensing Authorities. 
The before mentioned exceptional posi- 
tion of the Post Office refers to passenger 
traffic only. 

The Licensing Authority, in the case 
of goods services fixes the routes and oc- 
casionally the stopping places, but only 
in exceptional circumstances the schedule 
and rates. Legislation in so far as it 
affects the concessions for goods services 
has had little practical result. There 
are very few goods services running bet- 
ween fixed points, over regular routes 
and to fixed schedules. 

The reason for this is to be found in 
the fact, which sooner or later has to be 
considered, that delivery cost is in great 
measure the determining factor in cross 
country traffic. This cost can only be 
kept low if the vehicle can be supplied 
on its journeys with favourable loads on 
both out and home trips. This result 
can only be obtained as a rule by a motor 
traffic service which retains a certain 
flexibility and which arranges that the 
service shall be proportioned to the supp- 
ly of traffic as closely as possible. 

In accordance with the working in- 
structions for the motor service regula- 
tions of the Motor service law, only such 
service shall be considered as a line when 


its frequency and regularity are such that 
the public can depend on it. The com- 
petent Authorities have so far made little 
use of the opportunity to influence the 
inereasing cross country traffic in a 
proper direction, and to make injurious 
traffic competition with the railways im- 
possible. 

By far the greatest mass of the motor 
lorry traffic and in particular, both the 
commercial and works traffic, is worked 
over short distances of up to 50 km. (31 
miles). This short distance traffic de- 
velops principally in the neighbourhood 
of the large cities and within the thickly 
populated business areas. Nevertheless 
the motor lorry is always to be found on 
short haul traffic, in poor traffie di- 
stricts, and in connection with towns at 
a distance from the rail. 

Within local zones, industrial traffic 
considerably exceeds the other descrip- 
tions of traffic. By far the most popu- 
lar type of lorry for this traffic is one 
with a carrying capacity of up to 2 tons. 

In long distance traffic, the motor lor- 
ry is to-day operated over distances up to 
500 kn. (310 miles). It is however in 
the zone between 100 and 200 km. (62 
and 124 miles) that the traffic is heaviest. 
In long distance traffic it is the com- 
mercial traffic which preponderates, and 
that increasingly asthe distance increas- 
es. It is clear that as the distance inc- 
reases, it is more necessary to put trans- 
port on a broader basis, that is to say, 
to combine the goods of a number of 
consignors and consignees, so that a bet- 
ter load may be secured for the vehicle 
both; on the out and on the home journeys. 

This class of transport is in conse- 
quence carried on largely by carrying con- 
tractors, not so much with their own lor- 
ries as by subcontract with small owners, 
who often run their business with the 
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help of relations and are not therefore 
hampered by legal restrictions as to hours 
of work, and who, because they do not 
work out their costs properly, often carry 
cheaper than the large companies. 

For long distance traffic, the type of 
lorry most in favour is one with a capa- 
city of 4 tons and over. In this branch 
of traffic also, traffic is often carried by 
subcontractors, and very often in lorries 
which are loaded beyond the limits allow- 
ed by law. 

With inerease- of distance, the advan- 
tage of having the vehicle fully loaded 
also increases, and it is evident that it 
is only possible to work between large 
centres able to provide full loads in both 
directions. While, in local traffic, the 
motor lorry comes in connection with 


places which are either not served at all. 


by the railway, or are only served by 
branch lines, and has on that account 
and because of the great advantages it 
gives, developed a new traffic of consi- 
derable proportions, there is with few 
exceptions, little motor lorry traffic bet- 
ween places already connected by main 
lines of railway, which should not be 
looked upon as in competition with the 
railway. 


¢) The effect of motor lorry working 
on traffic and economy. 


In comparison with the railway, the 
motor lorry offers the possibility of ve- 
ry convenient dispatch in the case of oc- 
casional traffic. This is so chiefly on 
account of the great independence of this 
means of transport on any particular 
route. Unlike the railway, the motor 
lorry is not tied down to any fixed route, 
but can be employed on almost any cross 
country connecting route, and it is pos- 
‘sible to effect a door to door delivery 
without having to tranship the goods or 


to carry them to and from intermediate 
depots. The railways can, only offer si- 
milar service where rail connections ex- 
ist. 

The freedom of movement relieves the 
motor lorry of the necessity of working 
to a fixed schedule or to fixed receiving 
and delivery times. It therefore gives 
to those interested in transport over short 
and medium distances, a more convenient 
and quicker service. 

Door to door service may also cheapen 
carriage. <A saving is possible in the 
cost of carriage to and from intermediate 
receiving and delivery points. The shor- 
ter the intermediate length, the more the 
local cartage charges mount up. In the 
case of the railways when the distance 
is less than 50 km. (34 miles) these 
charges come to more than half the total 
cost. The saving in cost of carrying to 
and from receiving and dispatching 
points is valuable to those managing mo- 
tor lorry traffic, but it must be admitted 
that this advantage on long distance traf- 
fic, at least as concerns industrial traffic, 
is generally only of practical value for 
consignments of over one ton. Con- 
signments of less than this weight are in 
general in long distance traffic debited 
with local cartage charges. 

A further cheapening is in some cases 
possible with motor transport, because 
with door to door cartage a smaller ex- 
penditure is required for packing, and 
as a result of the absence of tranship- 
ment, the danger of damage to goods is 
reduced, This advantage is not however 
always obtained as on occasion the same 
class of packing is demanded as for rail- 
way transport. In conclusion, it may be 
claimed for the motor lorry as an advan- 
tage, especially where the motor vehicle 


‘belongs to the suppliers themselves. that 


it makes for closer relations with the 
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customers and it can also be used for 
purposes of advertisement. 

Greatly as the above mentioned circum- 
Stances have aided in the spread of the 
motor lorry, they have been decisive in 
the increase of the motor lorry for local 
traffic. In long distance traffic, the 
main cause of the steady increase of the 
motor is to be found in the fact that 
those who are operating this traffic by 
means of the motor lorry, can make con- 
siderably cheaper delivery especially for 
the intermediate trips. This is due to the 
fact that the costs of the motor lorry 
working are lower. The amount of the 
cost per individual tonne-kilometre for 


motor traffic varies naturally in the same - 


Way as it does for railway traffic. It is 
dependent on the nature of the section of 
the road, the type of vehicle used, its de- 
gree of utilisation, the extent to which it 
is loaded and finally on the description of 
freight carried. The actual cost per tonne- 
kilometre for motor transport over long 
distances varies at the present time, assum- 
ing the vehicles to be run under fairly 
favourable conditions, without including 
loading and unloading charges, between 
the amounts of 8 and 30 pf. (13 and 49 
pf. per Engl. ton-mile). The average 
Tuns to about 15 pf. (245 pf. per Engl. 
ton-mile). At the present time, owing 
to existing laws governing motor trans- 
port, the conditions are in many respects 
favourable for low running costs. This 
is a matter that will be specially dealt 
with later on. 


Against this is to be noted the fact that 
the cost per tonne-kilometre for Reichs- 
bahn rail borne traffic, including the 
cost of dispatch and loading services, 
averages only 4.6 pf. (75 pf. per Engl. 
ton-mile) and this covers all charges 
Which have to be borne at present by the 
Reichsbahn over and above their actual 


costs. In the case of dense long distance 
traffic consisting exclusively of complete 
wagon loads, which is the type of traffic 
where road transport appears almost 
exclusively as a competitor, the costs of 
the railways are lower still. Properly 
speaking, in making a comparison of the 
cost of the two types of transport, one is 
only justified in taking into account that 
part of the general cost of the rail traf- 
fic which is an increase required to pro- 
vide the service for the traffic in ques- 
tion, or inversely, the amount that may 
be saved in the event of such traffic 
being diverted elsewhere. 

If, in spite of this unfavourable com- 
parison in regard to costs the motor lor- 
ry can still offer cheaper transport to 
the user, the reason must lie exclusively 


‘in the ruling method of fixing the rail- 


way tariffs and in the scale of charges. 


Whereas the road transport vehicle is 
in a position to select goods, customers 
and traffic conditions which appear most 
suitable for realising the most favourable 
economic results, and is free to leave to 
the railway those goods which do not 
meet these requirements, the railways are 
obliged by law to transport goods of all 
kinds, dispatched by any persons to any 
destination which can be reached by 
their system. 


The railways, moreover, are compelled 
to carry out their transport at tariff rates 
which are the same for everybody and 
must be published. 


The freight rates of the German rail- 
ways are principally based on the general 
industrial economic conditions. Goods 
are classified according to their greater 
or lesser intrinsic value and also accord- 
ing to whether they are principally to be 
considered as raw materials, semi- 
finished or finished products for indus- 
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trial purposes, the charges vary accord- 
ingly. 

The freight rates are subject to reduc- 
tions for longer distances. 


The road transport vehicle takes ad- 
vantage of this system of tariffs by con- 
centrating on short distance traffic and 
in addition especially in the case of lon- 
ger distances — restricts itself to those 
goods which are listed in the highest 
classes of freight rates by the railways. 
In this way and in spite of its higher 
running cost, the road transport vehicle 
‘is able to under quote the railway and 
moreover in some cases with a substan- 
tial profit. 

The greater the competition of the 
road transport vehicle becomes and the 
more it is extended, the more the main- 
tenance of the existing tariff system, 
which for many decades has formed one 
of the most important bases of industry 
in general, is endangered. This devel- 
opment will lead either to an extensive 
differentiation in the assessment of 
freight costs by rail for the same classes 
of goods, according to whether there is 
competition by road transport or not, or 
to a marked levelling of the rates, that 
is by a reduction of the higher tariffs 
and an increase of the rates for the lower 
classes of goods. In both cases an in- 
crease in the cost of transport of bulk 
goods and raw materials which are vital 
to German industry, will ultimately be 
unavoidable. 

In what way this development will take 
place either as regards industry in gene- 
ral or the railways themselves in parti- 
cular, can not at the present moment be 
foreseen. There is, however, serious 
danger, that it will lead to a substantial 
increase of the general charges on in- 
dustry due to freight charges and to the 


destruction of numerous subsidiary ma- 
nufacturing and industrial undertakings. 


III. — Railway losses resulting 
from road motor traffic. 


There is no doubt that the increasing 
employment of road transport is causing 
a continually growing reduction in the 
income of the railway undertakings and 
that these reductions have already rea- 
ched a substantial figure. It is a matter 
for investigation however to ascertain at 
what figure in terms of money, the losses 
on the whole are to be estimated and 
whether the railways are not benefitting 
in another direction by an increase of 
traffic due to road transport concerns 
acting as feeders. 

It is difficult to arrive at an exact esti- 
mate of the figures for losses of income 
by the railway companies, more espe- 
cially as many other circumstances apart 
from the development of road transport, 
affect the development of railway traffic. 
Among such influences may be reckoned 
changes in the density of population, 
with variations in trade conditions, rear- 
rangements in individual branches of in- 
dustry and alterations in the systems of 
power and heat supply. The state of 
railway traffic is also greatly influenced 
by measures which the railways may ad- 
opt within their own sphere as regards 
the tariffs and the transport of passen- 
gers and goods. Further, as has al- 
ready been stated, reliable statistics re- 
garding the traffic handled by road trans- 
port are still wanting. We therefore 
must depend to a great extent on esti- 
mates, in order to arrive at the loss of 
income to the railways. 

The figure which may be assumed for 
the Joss on the whole of the German rail- 
ways has not yet been definitely deter- 
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mined. On the other hand the injury 
suffered by the Reichsbahn as a result 
of road motor traffic has in the last 
years been repeatedly subjected to ex- 
tensive and careful investigations. In 


carrying these out, various methods were’ 


adopted in order to balance up as far as 
possible, errors which were bound to 
creep in with one or other of the methods 
employed. In order to arrive at these 
estimates calculations were made of the 
probable total of traffic handled by all 
types of motor vehicles, local investiga- 
tions were made as to the type and ex- 
tent of the road borne transport, investi- 
gations were conducted at the goods de- 
partments of the railways, at the offices 


of the transport agencies etc.: with re-. 


spect to traffic which was originally rail 
borne and is now road borne and final- 
ly statistics of the total traffic handled 
by the railways. The result of all this 
for the year 1928 was a follows: 

In passenger traffic there was at least 
a loss of between 140 and 150 million 
Rm. not including the traffic carried by 
road transport acting as feeders to the 
railways; of this amount approximately 
30 million Rm. was accounted for by the 
regular motor bus traffic. 

As regards goods traffic, the nett loss 
for 1928 would appear to have amounted 
to at least 180 million Rm. The diverted 
traffic covers only a relatively small por- 
tion of the goods carried at the lower 
tariff rates, moreover such goods refer 
almost exclusively to the short distance 
zone. 

The goods classified at higher rates for 
wagon loads, and those for single parcels 
traffic are affected to a much greater 
extent. Goods traffic, as a whole, has 
during the last four years increased by 


approximately 16 %, where as the in-— 


crease in goods of the higher classifica- 


tions has shown an increase of only 
5.8 %, this latter traffic has thus only 
reached the 1914 level. 

The single parcels traffic has likewise 
only suffered serious loss in the short 
distance zone. On the long distance 
hauls, the diversion of single parcels 
traffic to road vehicles is to a great ex- 
tent equalised by the fact that the road 
vehicles only took a portion of the goods 
which were formerly sent by rail in wa- 
gon loads and the remainder was carried 
as single parcels goods by rail because 
there was not enough to make up com- 
plete wagon loads. 

In the foregoing figures of loss, all 
economies which might have been effec- 
ted by the railways as a result of diver- 
sion of traffic have been taken into ac- 
count. These economies as far as pass- 
enger and wagon load traffic are con- 
cerned, are unimportant owing to the re- 
latively small extent of the road borne 
traffic. It is only with the single parcel 
traffic that certain economies can be ef- 
fected, and even so these are very limi- 
ted. 

Moreover the total advantage of road 
borne traffic acting as a feeder to the 
railways is taken into account in the 
above mentioned figures. As regards 
passengers, it is the omnibus traffie alone 
which comes into consideration. Even 
in this case the advantage gained is com- 
paratively small; for the year 1928 it 
could at the very most be estimated at 
from 5 to 6 million Rm. 

Even in goods traffic, the advantage 
from feeder routes is purely nominal. 
This arises from the fact that where mo- 
tor lorries are used for transport going 
beyond a particular locality, one of their 
important advantages lies in the fact that 
delivery can be made without tranship- 
ment and without changing the means of 
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transport on the road. Finally the ques- 
tion has to be gone into as to what ex- 
tent the road transport business adds in- 
directly to the goods traffic of the rail- 
ways by freight arising out of motor 
vehicle industry, such as fuel etc. 

The Deutsche Reichsbahn emphatical- 
ly rejects the view that such traffic 
should be considered as an increase due 
to road borne goods traffic. 


This railway is of opinion that this 
traffic is to a great extent simply the 
outcome of a change in the incidence of 
traffic brought about by the alteration 
in the organization of industry due to 
the influence of motor transport. The 
increase in freights due to the develop- 
ment of industries connected with motor 
vehicle traffic has to be set against a sub- 
stantial reduction in freights connected 
with other industries from which capital 
and labour have been transferred to the 
new automobile industry — as for in- 
stance locomotive and rolling stock fac- 
tories — such industries have suffered 
a heavy loss of business resulting from 
the influences of road borne traffic on 
the finances of the railways. But even 
if we reckon the freights coming from the 
motor vehicle industry and the supplies 
for running mechanical transport as a 
gain, the above mentioned comparative 
reduction of traffic in the higher tariff 
goods shows how little these freights are 
in a position to make up for the losses 
due-to traffic taken away from the rail- 
ways by the motor lorry working on road 
transport. It will be remembered that 
by far the greater part of the raw mate- 
rial, semi-finished and completely finish- 
ed goods, used in the automobile industry 
and that used for operating mechanical 
transport, are goods belonging to the 
above mentioned higher tariff classes. 

It is therefore estimated that the total 


loss which has been suffered by the Ger- 
man State Railways alone for the year 
1928 as a result of motor vehicle traffic 
is not less than 320 million Rm. As 
against this, it may be noted that the 
total gross receipts of the Reichsbahn for 
1928 were about 5 154 million Rm. 

A further increase in the loss of in- 
come of from 10—15 % may be expected 
with certainty during 1929. 


IV. — The exceptionally favoured 
position of the road motor lorry 
under existing regulations. 


It has already been pointed out that 
the motor lorry is favoured as compared 
with the railways by the fact that, in so 
far as it is run for profit, it is not sub- 


“ject to any obligations either to maintain 


service or to carry goods at a fixed tariff, 
available for inspection by the public. 
These are not however the only advanta- 
ges which motor vehicle transport enjoys 
from the existing legal position. 

The motor lorry has the further ad- 
vantage that its road is built and main- 
tained by public funds, while the rail- 
ways have to build an maintain their own 
road. Total expenditure for road con- 
struction and maintenance in Germany 
for the financial year 1927—1928 antoun- 
ted to 670 million Rm.; the actual requi- 
rements are however materially higher; 
thus the annual expenditure for the next 
ten years is put down by experts at from 
900 to 1000 million Rm. Even if it is 
possible to lower maintenance costs by 
a thorough reconstruction of the road 
surfaces, financed by a loan, the annual 
outlay will be considerably above the 
amount hitherto spent on the roads. 
The annual expenditure during the pre- 
war period was only about 150 million 
Rm. This would now be equivalent to 
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about 270 million Rm. if the general in- 
crease in cost of labour and materials 
following the war is taken into conside- 
ration. The entire difference between 
the above totals (270 and 900 to 1000 
million Rn.) may be debitable to motor 
vehicle traffic. In effect the motor lor- 
ry makes a quite inadequate contribution 
towards these costs. 

The motor vehicle tax, the only tax 
which motor vehicle traffic has to bear 
for the benefit of the road fund, produ- 
ced the following sums during the last 
few years: 


Year 1926 
Year 1927 


105 million Rm. 
156 million Rm. 
Year 1928 181 million Rm. 
Year 1929 205 million Rm. 
(estimated). 


It should be noted that in the sums 
mentioned above for road building and 
maintenance nothing is included, neither 
for completely new roads, nor is the 
smallest sum included to meet interest 
or amortization on the capital sunk in 
existing roads. 

The motor vehicle is in addition great- 
ly favoured in another direction, namely, 
as regards the policing of its roadway. 

While the railways have to look after 
the safety of their road for themselves, 
the charges incidental to the traffie po- 
lice, which in consequence of the increas- 
ing motor traffic, are growing all the 
time, fall without exception on the ge- 
neral public. 

The increased cost of policing the traf- 
fic on account of the motor vehicle may 
be estimated at 25 million Rm. annually 
for the large towns alone. 

Even as regards actual rates and taxes, 
the motor vehicle is considerably better 
off. The transport of passengers and 
goods by rail is subject to the « traffic 


tax». This amounts with passenger 
traffic (graded according to class) to 
from 411 to 16 % of the cost of the jour- 
ney while for goods traffic the uniform 
charge is 7 % on the freight. Only coal 
transport is free from this tax. In con- 
trast with this, motor vehicle traffic is 
only subject to a tax when the vehicles 
are run for business purposes for profit, 
and even then the tax only amounts to 
0.75 % of the turnover. 

The entire passenger and goods trans- 
port, carried on in privately owned ve- 
hicles or vehicles owned by works and 
factories is tax free. 

In view of the fact that, as shown ab- 
ove, by far the greater part of the motor 
vehicle traffic belongs to the two last 
mentioned classes, the arrangment am- 
ounts to a substantial subsidy for those 
travellers and consignors who use motor 
vehicles instead of the railways. 

In addition as is well known, the 
Reichsbahn has to find a considerable 
proportion of the annual reparation pay- 
ments due by the German State and this, 
without counting the traffic tax, amounts 
to 660 million Rm. per annum. 

A further difference is to be noted re- 
garding responsiblity for individuals and 
goods. In its passenger service, the rail- 
way is liable by law for full damages in 
the event of death or injury of any per- — 
son, unless it can be proved that the ac- 
cident occurred by Act of God or was 
caused by the personal negligence of the 
party in question. In the case of goods 
traffic the railway is liable under the 
severe terms of the Railway Traffic Act, 
by which it is obliged — apart from cer- 
tain exceptions —- to compensate, with- 
out the necessity of negligence being 
proved, fully for damage or loss of goods, 
which may take place between the accep- 
tance and delivery of the consignment. 
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The liability of the motor vehicle ow- 
ner is on the other hand much less. 
There is no liability for damage caused 
by unavoidable circumstances not due to 
any defect in the vehicle or its parts, or 
if it is due under certain circumstances 
to excusable behaviour on the part of the 
injured or deceased person. The ex- 
pression « unavoidable circumstance » 
enjoys in law a much wider interpreta- 
tion than the expression « Act of God». 

Moreover, the liability is limited to very 
moderate maximum figures both for 
causing death or injury to persons and 
also for damage to inanimate things. 
There is no legal liability for the safety 
of persons or things actually carried in 
the vehicle itself. 

The owner of a motor vehicle is only 
liable to the extent of any special under- 
taking which he may make with the par- 
ties concerned. 

All these privileges which the motor 
vehicle enjoys in respect of liability ap- 
pear all the more unjustified, inasmuch 
as the danger of accident, as is shown in 
the following statistics, is far greater in 
the case of the motor vehicle than in rail- 
wavy traffic: 


” Total 


As °/o of all 
injured. 


accidents, 


Railway 1926 


= 1927 


Motor vehicle 1926 


— 44 3/4 1927 


V. — The prevention of competition. 


The goal in the prevention of compe- 
tition by the motor vehicle is not to be 


reached by preventing by all possible 
means the growth of motor vehicle traf; 
fie in general, but by inducing a proper 
division of the traffic between the two 
methods of transport, from the point of 
view of common good. 

Since it is impossible to divide. the 
traffic so long as the railways are sub- 
ject to such differential treatment in law, 
as has been shown above, it will first be 
necessary to abolish the legal privileges 
which the motor vehicle at present en- 
joys. The motor vehicle must be debited 
with full and just proportion of the cost 
of road construction and maintenance 
and must also bear a proper share of the 
cost of traffic police. Further, liability 
in both types of traffic must be equali- 
zed. It is essential that it be arranged 
that both systems shall for public pur- 
poses submit to alterations in the way 
of equalization. Without such altera- 
tions of the law, it would seem altogether 
impossible to place the two systems of 
transport on a sound economic and heal- 
thy basis. 

In addition, the concession laws would 
have to be extended so as to make them 
of greater practical importance for goods 
traffic, so that the whole of the motor 
lorry traffic and not merely the regular 
lines should be subject to authorization, 
at any rate for the long distance cross 
country traffic. 

It is obvious, however that these legal 
measures alone will not suffice to ensure 
to the railways in their fight with motor 
transport, the share of traffic that is 
their due. To secure this it will be ne- 
cessary in the first instance that the rail- 
ways themselves should adopt protective 
measures. 

As regards passenger traffic, the most 
important means for the railways to 
retain their traffic in face of motor 
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vehicle competition, are improvement of 
the railway services by more frequent 
trains, cutting down the running times 
and increasing the comfort of the pass- 
engers in the trains. The development 
of excursion and week-end traffic and 
the extension of society trips will help 
to retain and extend the business of the 
railway. 

In addition to taking such measures on 
the railways, motor services run by the 
railways themselves will serve to avert 
motor competition threatened from other 
directions. A motor vehicle service may 
not only be considered in the way of a 
connection with branch lines but under 
certain circumstances with the taking 
over of a part of a main line service. It 
will however only be permissible to set 
up a motor vehicle service of this des- 
cription, either if it would materially in- 
crease the traffic on the railway by ser- 
ving places at a distance from the rail, or 
if it is capable of supplementing the rail 
time table in a more efficient manner 
than could be achieved by the running 
of additional train services. The intro- 
duction of a suitable motor transport ser- 
vice can under certain circumstances 
be designed to retain the rail traffic 
which is threatened by a competitive 
service. 

The Reichsbahn has up to date set up 
57 passenger motor vehicle lines of which 
{1 are run by the Reichsbahn and 46 are 
run by arrangement with other under- 
takings. The economic result is satis- 
factory as the lines in question were se- 
lected with a view to their capacity to 
give a substantial return. 

The question as to whether it is more 
economical to run motor bus services 
themselves or to have them run by other 
undertakings can in accordance with the 
experience hitherto gained by the Reichs- 


bahn be answered with some confi- 
dence to the effect that it is cheaper for 
the Reichsbahn to run such services itself, 
provided such services are limited to 
those which can be worked from railway 
bases without the need of heavy staff 
costs. Generally speaking this should 
be kept in mind by all railways who wish 
to undertake ther own road motor ser- 
vices. 

If the Reichsbahn has by a recent 
agreement which has been concluded with 
the German Postal Service, renounced the 
right to install its own passenger motor 
vehicle services and seeks future activity 
exclusively in the shape of joint working 
with the German Post Office, it is be- 
cause the advantages of such cooperation 
appear to lie less in the direction of in- 
creased economy for its own motor ser- 
vices than in the means which the agree- 
ment provides of influencing the deve- 
lopment of the Postal Motor Service 
which is by far the most important un- 
dertaking of its kind in Germany. 

The agreement has also for its object 
the achievement of the greatest possible 
unification of overland transport, which 
has hitherto been very much split up. 
This is an aim which will not only be 
in the common interest, but also most 
desirable from the railways point of view, 
as it has become abundantly clear that the 
large number of independent motor bus 
undertakings has been one of the contri- 
buting causes for the existence during - 
late years of such large numbers of com- 
peting lines. 

The agreement will further enable the 
Reichsbahn to participate in the earn- 
ings of the new road mail transport ser- 
vice which will shortly be instituted, and 
in this manner to obtain a certain amount 
of compensation for the loss it has sut- 
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fered through the existing competitive 
motor transport services. 


Finally there is a further advantage - 


for the railways which is not to be un- 
derestimated, namely that they will in- 
directly participate in the unrestricted 
right to concessions which has been given 
to the German Post Office by law. 

The following details of the agreement 
may be worth noting : 


The new motor transport lines will be 
run by the Post Office in joint account, 
in such a way that the Reichsbahn will 
participate in the profits or losses accord- 
ing to a proportion to be determined he- 
forehand. A distinction will be made 
between lines competing with the rail- 
ways and other lines. A motor trans- 
port line, according to the agreement, is 
to be considered as a competing line, if 
it provides direct transport between 
points already served by the railway, and 
if such a competing line having a total 
length of 30 km. (18.6 miles) is up to 
15-% longer or shorter than the railway 
section in question, and if the competing 
line has a greater length than 30 km., 
when its length is 25 % greater or less 
than the railway section. If a competing 
service exists, then the Reichsbahn shall 
decide whether or not a motor service 
shall be set up under the agreement, in 
all other cases the Post Office shall have 
the right to make the decision. If the 
Reichsbahn wishes to utilise any trans- 
port line run by the Post Office, which 
it is free to do if it so desires, then in 
the case of a competing line the Reichs- 
bahn will share as to 65 % and the Post 
Office as to 35 % of the profit or loss 
as the case may be. 

With other lines and with special ser- 
vices the proportions are reversed. The 
agreement further contemplates mutual 
support, more especially in regard to the 


conmon use of fuel tank installations, 
garages and workshops. The Reichsbahn 
will allocate special positions to the Post 
Office for parking their omnibuses out- 
side the railway stations, will permit 
passengers to use the waiting rooms and 
will supply ticket offices and luggage 
registration for the omnibus traffic. 
For traffic peaks and emergencies, the 
Reichsbahn and Post Office will assist 
each other with personnel and _ stock. 
Through bookings, both for passengers 
and luggage over railway and omnibus 
sections, are provided for. The Reichs- 
bahn and Post Office undertake to sup- 
port each other in competition with third 
parties. As against this the German Post 
Office under the same agreement defi- 
nitely surrenders in favour of the Reichs- 
bahn any claim as regards the working 
of motor borne goods traffic. 

It remains to be seen how this agrec- 
ment, which has provisionally been fixed 
for a term of five years will work out 
in practice. 

As regards goods traffic and apart 
from alterations in tariffs which will be 
referred to later on, improvements and 
simplifications in the despatch and for- 
warding services are announced with a 
view to meeting competition. Measures 
of this nature have already been carried 
out to a large extent on the Reichsbahn 
system, and generaly with good results 
wherever it has been the question of 
fighting competition, where undercutting 
has not been too great. 

Among the steps taken are : extension 
of hours for acceptance and delivery of 
goods, arrangement of Sunday and ho- 
liday services for delivery of perishable 
goods, simplification and speeding up of 
loading and dispatch by increased me- 
chanization of this work, greater facili- 
ties at junction points, increase in num- 
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ber and speeding up of train connections, 
reduction of transhipments on the road 
and many other matters. In certain cases 
container traffic should enable the Rail- 
ways to meet mechanical transport com- 
petition. Successful trials of this me- 
thod have already been made on a num- 
ber of traffic routes in Germany. Up 
to now this innovation has not yet been 
so far developed as to enable a definite 
opinion to be formed of its value. 

The employment of motor transport by 
the railways themselves for goods traffic 


may prove a further means of reducing. 


competition by outside motor transport 
provided that the competition is based 
on the special advantages which the mo- 
tor vehicle is able, for technical reasons, 
to offer to consignors and is not merely 
due to price cutting against the Railway 
tariffs. With few exceptions the subs- 
titution of motor vehicles is properly 
restricted to short distance traffic. In 
this connection the condition governing 
goods traffic comes into consideration 
both in districts served by branch lines 
of railway as well as those served by 
main lines. In the same way a suitably 
developed feeder service may under given 
circumstances ward off competition 
which may be threatened from another 
quarter. Taken as a whole, however, the 
possibility of using the motor lorry eco- 
nomically in the service of the Railways 
is relatively small. 

The main reasons for this are as fol- 
lows: 

In respect of traffic from works and 
factories which is, as stated above, for 
the most part short haul traffic, it is dif- 
ficult to guard against competition be- 
cause the users of mechanical vehicles 
are in many cases only concerned in an 
extension of their existing complement 
of lorries which are in use for local 


transport and because one advantage of 


_ using their own motor lorries is the fact 


that they are thus able to keep in closer 
touch with their customers, a circum- 
stance which is very desirable for them. 
On the other hand, the competition of 
motor transport run as an independent 
business, bears very heavily on the Rail- 
ways owing to the large number of small 
vehicle owners, who run services at very 
low prices and very often obviously work 
at under actual cost price. It is very ra- 
rely possible to achieve an effective sav- 
ing in the cost of railway traffic by re- 
placing it by motor lorries. Even in the 
case of branch lines a saving is not al- 
ways effected, because it is hardly ever 
possible to make a reduction in the exist- 
ing goods depots, if small goods traffic 
handled by one or other of them is taken 
over by motor lorry service. In accor- 
dance with the experience of the Reichs- 
bahn, conditions are more favourable for 
the economical use of motor transport 
in the local traffic of the big cities, where 
the lorry may be utilized as a connecting 
link between the various stations and 
where road transport as opposed to rail 
transport may lead to a substantial shor- 
tening of the haul. 

Up to date the Reichsbahn has institu- 
ted a total of 43 motor vehicle operated 
goods services, of which 14 are run by 
the railways themselves, while 29 are let 
out to sub-contractors. 

According to the experience so far ob- 
tained with goods traffic it is found that 
it is generally speaking preferable for 
the railways to work their own motor 
carried goods traffic, than to let it out to 
third parties. 

While cooperation of the railways with 
those operators already in the motor traf- 
fic businesses can only rarely be consi- 
dered, such cooperation between Railways 
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and carriers must not be expected to lead 
to any appreciable reduction in competi- 
tion. Agreement as to spheres of ope- 
ration may perhaps prevent one or other 
of the outside commercial undertakings 
from setting up serious opposition, but 
such agreement would have no influence 
in the development of motor traffic in 
general. While such an agreement might 
be practicable with a small number of 
firms, there would still remain the com- 
petition of the large majority of other 
motor transport interests in particular 
the large number concerned with works, 
industrial and trade undertakings. It 
must be clearly understood that any such 
agreement will mean that the motor 
transport owner must be prepared to re- 
nounce the profit which is possible for 
him owing to the provisions of the rail- 
way goods tariff, and in consequence it 
is unlikely that any owner will be got to 
agree unless he can see a chance of being 
able to make some profit out of an 
agreement. 

This opinion is moreover confirmed by 
the experience of the Reichsbahn in con- 
nection with a four-year contract which 
was made by them with the mechanical 
transport companies formed jointly with 
the State and principalities. This agree- 
ment was cancelled in the autumn of 
1928 because it did not fulfil the expec- 
tations of either party. 

In view of the fact to which attention 
has been called above, that competition 
by the motor lorry, especially where it 
is a question of long hauls, almost always 
arises from its ability to under cut the 
railway goods tariff for intermediate sec- 
tions of the route, it is evident that the 
most important and in many cases the 
only measure that the railway can adopt 
lies in the introduction of reduced rail- 
way rates. In view of the present ex- 


tent of road competition such measures 
as a tariff reduction for certain classes 
of goods or a general reduction within 
certain fixed distance zones, can there- 
fore not be recommended. In the case 
of both alternatives, the loss of income 
and likewise the reaction due to these 
protective measures on the tariff system 
and thus also on the industry as a whole, 
would.be much more far reaching than 
the effect of the un-restricted motor 
transport competition itself. There can 
at present therefore only be a question 
of special tariff rates of an exceptional 
character which would be operative for 
particular transport arrangements or ty-~ 
pes of goods. Naturally care must be 
taken that the object of these measures 
is really attained, that is to say that the 
particular traffic is retained or regained 
by ‘the railway and that moreover, with 
a result in terms of money which is more 
favourable than would be the case if the 
diversion of traffic took place without 
the introduction of reduced tariffs. 

The Reichsbahn has, during the last 
few years, introduced a number of so 
called K tariffs (motor transport com- 
petition tariffs) which have throughout 
been successfull in fighting competition. 
At the present moment 150 such tariffs 
are in operation in transport sections 


. threatened with competition and these 


are more particularly applied to certain 
special classes of goods, as for example, 


-paper, cereal and flour products, sugar, 


wine, beer, mineral water, cement, bricks, 
hardware, etc., these goods, being as has 
been shown, particularly favoured by 
motor transport competition. 

In addition several K tariffs have been 
instituted in connection with the collec- 
ting traffic of forwarding firms, and 
again only where certain freight condi- 
tions are seriously threatened by lorry 
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competition. Quite recently a general 
reduced tariff for such forwarding busi- 
ness has been provisionally fixed for a 
period of one year, thus supplementing 
the exceptional tariffs hitherto individu- 
ally imposed. This reduced tariff applies 
to goods carried from and to all stations 
of the Reichsbahn over distance of from 
100 up to 400 km. (62 to 248 miles) and 
has for its object, to renew the interest 
of the forwarding agents in this collecting 
business which was formerly consider- 
able, but which owing to the influence 
in late years of road transport competi- 
tion, has fallen off very greatly. 

The tariff reductions hitherto given 
under the K scheme vary considerably in 
degree. On the average the K _ tariff 


constitutes a reduction of from 23—30 % 


on the standard rates. There are however 
other reductions in force which are either 
greater or less in amount but in every 
single instance the reduced rates renrain 
above the actual cost to the railway. 

It must be clearly recognised that the 
K tariffs are purely a make-shift, so long 
as the Reichsbahn and other German 
Railways continue to be legally preven- 
ted from fixing their tariffs freely in 


accordance with requirements as well as 
from making special contracts in order 
to meet competition by motor transport. 
This freedom must in time to come also 
be obtained for the Reichsbahn for it 
is clear that owing to the growth of the 
motor lorry business, the transport mo- 
nopoly hitherto enjoyed by the railways 
has ceased to exist and with it the ne- 
cessity for the legally imposed obligation 
that the railways must make public all 
tariffs, including such special rates as 
may be made to meet competition under 
particular conditions, and that these ta- 
riffs must be equally applicable to every 
person without differentiation. The re- 
moval of this obligation and further the 
granting of permission to make special 
rate reductions in favour of individual 
clients, where competition exists, would 
materially help the railways to meet 
competition. The more freely the rail-. 
ways can meet the price cutting of the 
motor transport operator, the more it 
will be able to limit the total amount of 
its price reductions, and the less will 
be the effect of the protective measures 
on the tariff system of the Reichsbahn 
and on industry in general. 
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APPENDIX TI. 


According to the Official Statistics the number of Motor Vehicles in OS 
was as follows: 


Number of 
Year (#), cary a ; 
Motor bicycles. sciieict & Omnibuses. Passenger cars. ares aa 
Coe ee De eee eee 

1914 20 614 mae ae 55 000 (°) 75 614 
1924 ; 26 666 Es Sa 60 614 (3) 87 277 
1922 38 048 ade 4 755 84 937 124 740 
1923 59 389 nar 4 753 98 587 159 729 
1924 97 965 ic 1 833 130 346 230 144 
4925 161 508 og 3 220 171 445 336 178 
1926 235 186 26 943 5 086 204 401 469 832 
1927 295 186 44 040 6 632 261 142 607 000 
1928 334 344 103 974 (2) 8 596 342 668 789 668 
1929 385 863 222 479 10 593 442 612 1 044 747 
rc) According to extent of territory on 1 June 1928. The figures for 1944 are estimated. 
(?) A part of the increase of light motor bicycles has to be debited to the earlier increase of the 


heavy motor bicycle. The regulations in regards to motor traffic issued on the 16 March 1928 
widened the limits of the light motor bicycle. 2 
(®) Includes motor omnibuses. 
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APPENDIX 3. 


Employment of passenger vehicles. 


DESCRIPTION. 1922 4923 4924 1925 1926 1927 1928 
| Motor bicycles. . . . . . | 38046 | 59389 | 97965 | 161 508 | 263 345 | 339 226 | 438 228 
Passenger vehicles. 
Pablicttarige 3 6k 7 160 T2591 7500 | 10574 | 15 306 | 20055 | 22 343 
Postal buses in public traffic . 866 908 4 242 4 678 2 354 2714 3 058 
Road transport undertakings, 
buses in public traffic. . . aes yee tos At 748 972 4 075 
Other buses in public traffic . 889 845 624 4 542 4 984 2 946 4 483 
_ Passenger cars in officia! traffic. 3 821 3 075 3 000 3 794 4 239 4 303 5 227 
Other passenger cars. . . . | 69956 | 83 224 1/119 846 | 157 077 | 184 856 | 236 284 | 315 244 


Employment of goods motor vehicles. 


DESCRIPTION. 


Motor lorries. 


Up to 2 tons tare weight. 


Over 2 tons tare weight 
For official service . 


Farm and forest service . 


Public transport traffic 


Commercial and other uses . 


Miscellaneous uses and tractors without goods 
loading room . AO payee 


Fire engines and municipal street cleaning 
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REPORT No. 3 


(All countries except America, the British Empire, China, Japan. Belgium, 
France and their Colonies) 


ON THE QUESTION OF THE CO-OPERATION OF THE STAFF TOWARDS 
INCREASED EFFICIENCY AND ITS PARTICIPATION IN THE PROFITS 
(SUBJECT XV FOR DISCUSSION AT THE ELEVENTH SESSION OF THE 
INTERNATIONAL RAILWAY CONGRESS ASSOCIATION) (*), 

By Rafael MARIN DEL CAMPO, 


Engineer of the Board of Directors of the Madyid to Saragossa and Alicante Railway Company, 


and Juan CANOVAS DEL CASTILLO, 


Principal Engineer, Headquarters of the same Company. 


SUMMARY. 


I. — Introduction. 
II. — Papers presented and resolutions 
adopted on this question at 
previous sessions of the Con- 


gress. 

I1f. —- Some works worthy of mention 
published in the Bulletin of 
the International Railway 
Congress Association. 

TV. — The ideas and accomplishments 
of Mr. Ford in railway mat- 
ters. 

Y. — Before and since the European 
War. 

VI. — Our detailed questionnaire and 
the replies received. 

Vil. — Conclusions. 

I. — Introduction. 


When the Permanent Commission of 
the International Railway Congress As- 
sociation did us the honour of appoint- 
ing us as reporters on Question XV for 
the countries indicated above, our first 
reflection was that we should have, be- 
fore all, to ascertain the exact signifi- 


cance of this question, in order thus to 
be able to draw up in a satisfactory man- 
ner the detailed questionnaire which we 
should have to submit, through the chan- 
nel of the said Commission, to the dif- 
ferent railway administrations. This 
preliminary study was the more neces- 
sary, since the question XV will not be 
dealt with in any of the special sections 
of the Congress ; neither the 1st, 2nd, 
3rd nor 5th, but in the 4th section, which 
will have to concern itself with all ques- 
tions of a general character or order. 
Moreover, it was imposed on us by reason 
of the form, at the same time wide and 
vague, in which the question at issue 
was formulated. 

The wording of this Question -XV: 
« Co-operation of the staff towards in- 
creased efficiency and its participation in 
the profits » everyone probably knows 
what that means grosso modo, but perhaps 
people in general have not asked themsel- 
ves why this subject thus formulated 
figures in the programme of the sessions 
of the Congress, and for this reason all 
will not have had the opportunity of 
preparing an exact reply to this latter 


(‘) Translated from the French. 


T—15 


216 
XV—96 


interrogation. If we are probably all in 
agreement to reply that the essential ob- 
jective that it is proposed to attain by 
interesting the staff, as far as possible, 
in the railway revenue and profits is to 
increase the prosperity of railway enter- 
prise, we shall, on the contrary, divide 
ourselyes into as many groups of opi- 
nions as there are different conceptions 
of this expression: « railway enterprise », 
and before all of the more general one 
which embraces it, i. e. industrial enter- 
prise, since the railways are nothing else 
than one of the most important indus- 
tries, intended to produce and sell the 
merchandise known by the name of 
transport. 

Thus, some say: «Jndustrial enter- 
prise consists of manufacturing the 
goods or product in question at the low- 
est possible cost price, and selling it at 
the highest price permitted by free com- 
petition ». Such has for long been, and 
such still continues to be what might be 
called the classic conception of industrial 
enterprise. The most important practi- 
cal consequences of this theory, or, in 
other words, its distinguishing charac- 
teristics, are : the greatest possible gain, 
per unit of product manufactured, for 
the manufacturer ; wages as low as pos- 
sible, and high selling prices. To attain 
this end, one is led to fight by all means 
the competitive regime, that is to say, to 
employ all the means at one’s disposal 
to prevent the downwards movement of 
the selling price. This struggle against 
competition is manifested in the most 
noticeable manner by the formation of 
trusts and other similar combinations. 

These consequences, derived from the 
conduct of industrial enterprises built 
up in accordance with the classic theory 
or conception of which we have just 
spoken, provoked in the public a reac- 


tion against the owners of these under- 
takings, and it was decided to be desir- 
able to try, on a larger or smaller scale, 
the system of cooperative production or- 
ganisations amongst consumers, with a 
view to dispensing with the manufac- 
turers ; on the other hand, by irritating 
the working masses, they constituted the 
veritable germ and the principal element 
in the success of Socialism. 

We may find, without going out of 
our professional world, a striking 
example of the first of these two systems 
in the numerous, large and sometimes 
gigantic State Railway administrations 
which we know, and which, looked at 
closely, are neither more nor less than 
co-operative societies for the production 
of the merchandise known as transport, 
of which the citizens are the partners or 
shareholders, and of which the respec- 
tive States exercise the management. 
And an example, not less striking, of 
the second case is the Russian com- 
munistic experiment, which is only a 
variant of the socialist system. It is 
convenient, of course, to qualify as 
State Socialism the creation of the great 
railway systems attaching to the first 
group, and to rank under the generic 
appellation of socialism the two groups 
of examples cited, a name applied in- 
discriminately in the two cases, for they 
both originate from a like conception of 
affairs, the socialist conception, born of 
the desire to destroy the consequences 
flowing from the classic capitalist con- 
ception of business, to the detriment of 
the working masses as well as of the 
public in general. 

Circumstances of which the exposition- 
and analysis would not be here in place- 
have recently led to a conception of in- 
dustrial enterprise which few people can 
have formulated with as much success: 
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as Mr. Henry Ford, if in fact anyone has 
succeeded in doing so, in word and in 
deed, under conditions comparable with 
his. To sum it up, this new conception, 
which might be called the harmonic con- 
ception, consists of considering an indus- 
trial business as a harmonious associa- 
tion of three partners : the capitalist, the 
workers and the public, all the three of 
which should be equitably benefited ; in 
other words, the system must tend: 
1. to remunerate the workers by higher 
and higher salaries, so as to improve, 
progressively, both, their working and 
social conditions; 2. to reduce unceas- 
ingly the selling price of the products 
manufactured ; 3. to increase simultane- 
ously, and following an increasing pro- 
gression, the profits of the capitalist. 
This harmonic conception of affairs, far 
from being Utopian, appears praticable 
and — hetter still — a corollary of the 
modern scientific conception of industry. 

The characteristics of the classic con- 
ception of affairs being those indicated 
above it is clear that what distinguishes 
‘them is the opposition between the in- 
terests of capital, on the one hand, and 
those of the paid workers and the public, 
on the other hand ; the socialist concep- 
tion, on the contrary, is based on the 
suppression of the individual capitalist 
or manufacturer, for whom it substitu- 
tes collective ownership, which would 
thus be at once producing and consum- 
ing, integrally ; finally, what we have 
designated, to give it some sort of name, 
as the harmonic conception, tends to 
participate simultaneously in the spirit 
of the two foregoing ; it is, in effect, 
capitalist like the first, in the sense that 
it does not eliminate the capitalist, but 
continues to confer on him) initiative 
and command, and it is socialist, like 
the second, in the sense that, to this 


initiative and control, it assigns in a 
concrete and scientific manner, as an 


essential objective, the simultaneous and 


concordant prosperity of all the produ- 
cers (capitalists and paid workers) and 
consumers (paid workers and public), 
for it is well to remark that the parti- 
sans of this lastnamed conception com- 
prise amongst the consumers, sometimes 
even for preference, the operatives who 
work in the industry in question, and 
that often, even, for the products it ma- 
nufactures. 


So far as concerns, in a concrete man- 
ner, the railways, the conceptions which, 
up to the present, have on the whole 
crystallised out in the domain of prac- 
tice are the two first ; however, one must 
not disregard the fact that the very mo- 
dern third conception has also commen- 
ced, on a small scale, if is true, to in- 
troduce itself into the realities of rail- 
way life. 


* 
* * 


Let us now examine, in the light of 
what has been set forth above, the true 
significance of the ideas and practices 
designated under the name of premiums, 
bonuses, special promotion, various re- 
wards and facilities for the acquisition 
of railway stock, which are or may be 
granted to the staff to stimulate its zeal 
and activity. 

In the classic conception of the rail- 
way industry, premiums, bonuses etc,, 
are accorded to the end, not precisely of 
favouring the public or the staff, but of 
stimulating the latter principally and 
essentially to the benefit of the master.. 
In the socialist conception, these pre- 
miums, bonuses ete., cannot be of profit 
to the individual capitalist, who does not 
exist ; they do not tend, either, to fa- 
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vour the staff, but only to stimulate it 
to the profit of the reduction of the 
selling price of the transport preduct 
and of good service, i. e. of the public. 
Finally, in the harmonic conception of 
ihe railway industry, the premiums, ho- 
nuses, efc. are granted also to stimulate 
the staff, but with the concrete design 
of reducing the cost price and of im- 
proving the service, not exclusively to 
the profit of the master, or of the pu- 
blic, or of the worker, but to benefit the 
three simultaneously in an equitable 
manner, i. e. by earmarking a part of the 
economies realised for increasing the li- 
quid resources of the enterprise, another 


part for lowering the tariffs and for in- 


ereasing the facilities and improving 
the traffic conditions, and a third for 
raising the rates of pay. To express our- 
selves in a nranner more synthetic and 
more exact, we shail have to say that the 
harmonie conception of indusirial af- 
fairs leads automatically io the inerease 
of the purchasing capacity of society in 
general. and simulianeously of the indi- 
viduals forming it, and this becomes 
from day to day less impossible, thanks 
to the scientifie and ever more extended 
use of natural forces. 

As is pointed out by the protagonists 
of the harmonic conception of industrial 
enterprise, its interesting side, or — to 
express it better — its essential side is 
the rational basis of the system. They 
assure us that in its origin it is not in- 
spired with a philanthropie spirit, and 
that if, in fine, the system is philanthro- 
pie, the fact is that it is only a question 
of a scientific conception oi affairs, 
born, rather than from sentiments, of 
love towards the worker and towards 
humanity, from the conviction that this 
doctrine, conceived by capitalists, is the 
only one which responds to the present 


needs of civilisation, and the one which, 


at the same time, can produce greater 
cutput and profits. For all these rea- 
sons, that is to say, owing to the ra- 
tional strength of its principles, and 
because it conduces, according to those 
who support it, to increase simultane 


- ously the maierial and moral prosperity 


of the capitalists, the paid workers and 
the public, its partisans conclude by the 
affirmation that the harmonic concep- 
tion of affairs and the rules deriving 
from it will not be long in eliminating 
from industrial life the methods in use 
up to the present, ofispring of the clas- 
ste conception or of the socialist con- 
ception, or of the badly designed com- 
binations which have been made or may 
be made of the two. 

The partisans of the most modern’ 
school assert also that the premiums, 
bonuses, etc. accorded to the staff in the 
industries in which the classic concep- 
tion of affairs reigns constitute a sysiem 
characterised by narrowness of view and 
meanness, which, in their opinion, are 
still more pronounced in the industries 
ruled by -the socialist conception, in 
which the ideal would be the absolute 
suppression of the said premiums, bon- 
uses, efe.. whereas these tend to be lavis- 
hed in an extensive and magnificent 
manner, although on other bases, in the 
industrial organisations regulated by the 
harmonie conception of affairs. And 
they mention amongst other proofs in 
support of this latter assertion the fact 
that the technicians: managers. eng- 
ineers, chemists ete.. who discover or 
invent any device or process securing. 
for example, a considerable economy in 
the costs of production, are royally 


remunerated, and from the start earn. 


salaries nmich higher on the average than 
those commonly allotted in the industries 
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in which the classic or socialist concep- 
tions prevail. « We are not inspired », 
they say, « by a sordid and in fact sterile 
and miserly egotism, nor, on the other 
hand, by an Utopian humanitarianism, 
today at least; we take Science for our 
only guide ». 


ao * 

Such were the first reflections that 
presented themselves to our minds when 
we received the nomination as reporters. 
Under their influence, we set ourselves 
to review the complete collection of the 
Bulletin of our Association, and to read 
attentively the reports of the questions 
analogous to Questions XV of the Ma- 
drid session of the Congress, which were 
the subject of papers and of discussions 
in previous sessions, and constitute pre- 
cedents which we consider ourselves 
obliged to take into account. 

We will therefore commence the body 
of our report by a very succinet sum- 
mary of these reports. Subsequently, 
we will cite certain important works 
which have appeared likewise in the 
Bulletin of our Association, and which, 
without forming part of the minutes of 
the sessions of the Congress, may be con- 
sidered as suggestions made by the Per- 
manent Commission so that we may all 


fake account of them. We will after- . 


wards give an idea of one of the reali- 
sations which the harmonic conception 
or theory of industrial affairs has al- 
ready achieved, on a small scale so far, 
it is true, in the domain of railways. 
We will go on to speak of the replies 
which the different administrations have 
addressed to us. And finally, as a con- 
clusion to all these details, we will sub- 
mit to the 4th section of the Congress 
the proposals which we judge to be the 
most useful and opportune. 


Il. — Papers presented and resolu- 
tions adopted on this question in 
the previous sessions of the Con- 
gress. 


The question of the participation of 
the railway staffs in the revenue and 
profits of the enterprise was raised for 
the first time in the second session of 
the Congress (Milan, 1887). It was re- 
turned to in the second session (Paris, 
1889). Then, apart from a few minor 
and unimportant indications given in’ 
subsequent sessions, the subject did not 
figure in the questionnaires of any other 
session. Resuming consideration of this 
question today, therefore, it is well to 
take account of the fact that it has not 
been discussed by our Congress for 
forty-one years. 


A. — Second Session, Milan 1887. 


In the course of this session, the ques- 
tion was discussed in two different sec- 
tions : 

In the second section, Locomotives and 
Rolling Stock, Question XI was headed 
as follows : « XJ. Premiums. — What is 
the best system of premiums employed 
for the repair of rolling stock and for 
locomotive service ? » 


The report is reproduced in the num- 
ber of the Bulletin for August 1887, 
(French edition), and the discussion and 
conclusion are given in the number for 
March 1888 (French edition). 

Beyond the fact that we learn there 
that the premium system on railways 
was adopted about 1844 or 1846 by the 
Strasbourg-Bale line, with other facts not 
devoid of interest, we can find in the 
discussion opinions which are estimable 
indeed, but not altogether transcendent, 


with regard to the advantages and draw- 
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backs of the different systems of pre- 
miums of the kind in question. 

The conclusion approved by the Ge- 
neral Meeting was the following : 


It appears advantageous to compose 
the remuneration of the driving staff of 
locomotives — enginemen and firemen 
— of a fixed part, ensuring suitably 
their means of existence and their fu- 
ture, and a variable part, increasing with 
the personal work and the efforts of 
each with a view to giving a seryice sa- 
tisfactory to the public, while being eco- 
nomical for the Companies. 


In the fourth section of the same ses- 


sion of Milan, 1887, Questions of a gene- - 


ral nature, Question XXI was set forth 
as follows : « YYI. — Remuneration of 
employees. — What is the best means of 
remunerating the employees, and of in- 
teresting them in the economies of work- 
ing ?» 


The report appeared in the number of 
the Bulletin for August 1887, and the 
discussion and conclusion in the number 
for June 1888 (French edition). 

Those who spoke on this theme dealt 
largely with the theme of economic 
management and with cooperative ideas, 
but not much with that relating to sala- 
ries ; and as regards the premiums, it 


appears to us that the discussion wan- ° 


dered a little, in spite of the care with 
which the question had been framed, as 
is natural with a question of greater 
generality than in the second section of 
the same session of Congress, of which 
we have just spoken. Finally, the exa- 
mination of the subject was left in only 
a slightly advanced state, and it was 
therefore proposed to revert to it in the 
third session after better and more 
thorough preparation, which as a matter 
of fact was done. 


The conclusion approved in plenary, 


session was simply the following : 


The Congress admits that when, for 
any reason, thé individual initiative can- 
not have free play, economy premiums 
and other institutions of a similar nature 
are to be recommended, on condition, 
however, that they are never obligatory 
and that all the measures to be adopted 
tend to disengage the Administrations 
from a supervision which is not without 
danger, and to develop the action of the 
co-operative societies, free from all 
direct interference from the Administra- 
tions, a desideratum to which our inces- 
sant efforts must tend, 


B. -— Third Session, Paris 1889. 


In the Fourth Section, Questions of a 
general nature, Question XX was thus 
framed : « XX. —- Premiums to staff. — 
Means of interesting employees in econo- 
mies in working expenses and in the 
increase of receipts. » 


The report figures in the number of 
the Bulletin for August 1889, and the 
discussion, with conclusions, in the 
number for August 1890 (French edi- 
tion). There were, as appendices, an 
interesting note on the Russian railways, 
published in the number of February 
1889 (French edition), and three other 
notes on various railways which had ap- 
peared in the August number of the 
same year. ; 


The report, as well as the discussion, 
of this question in the Paris session were 
very interesting, and, needless to say, 
more complete than at the Congress of 
Milan. Their attentive perusal affords 
many explanations, both on the distine- 
tion between bonuses and premiums 
properly so called, and on the analysis, 
the utility and the drawbacks of pre- 
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miums from the point of view of the in-. 


erease of the gross product, or of the 
net product, or of economies in the dif- 
ferent services (general charges, work- 
ing, traction, material, track etc.), also 
on other points. 


It is right that we should note the 
favorable impression produced by read- 
ing the report of Mr. Bela Ambrozovics, 
Ministerial Councillor of Hungary, not 
only because his work has much value 
from the orderly, clear and competent 
nature of the exposition, but also be- 
cause, for the first time, he shows the 
importance of the questions of organisa- 
tion and of moral order with regard 
to the subject studied by him. ‘Hereun- 
der we reproduce a few significant 
phrases of the said report : 


_ At Milan, the Congress did not discuss 
the question in its full extent. Only the 
question of « Premiums for economies » 
was sounded to some degree, while the 
question of the increase of receipts by 
the constant solicitude of employees 
was not given a direct place iff the dis- 
cussions; it was only treated incidentally 
and on my proposal. The debate re- 
mained within the limits of generalities, 
and even as regards premiums for econo- 
mies in expenditure, principles were 
insufficiently developed. .It is therefore 
necessary to envisage the question once 
again in its integrity, and this it is which 
has decided the International Commis- 
sion to place it anew on the programme 
for the third session of the Congress... 

The matter of sovereign importance 
is, in my opinion, to lead the staff to 
identify its interests with those of the en- 
terprise as a whole, and in a subsidiary 
degree to develop in the staff the specu- 
lative and commercial spirit in the inte- 
rests of the enterprise. This is quite 
another thing from urging the staff to 
interest itself temporarily in the results 


of a single branch of the service, and 
from developing in it the spirit of gain... 

It may be said that there is hardly 
one of the servants of a railway who 
could not render to the enterprise, in 
one way or another, a service exceeding 
his strict duty. By interesting them all 
in the prosperity of the enterprise, by 
making them identify themselves with it, 
each of them will find, according to his 
faculty, according to the position which 
he occupies in the service or outside the 
service, the proper means to advance, 
more or less, the interests of the enter- 
prise... 

When it is a question of attaining an 
elevated goal, one must not quibble over 
points of detail or be too heedful of 
trifles. Imperfection is a _ property 
common to all things, in this world, 
above all when it is a matter of judging 
the acts of men -— does not justice some- 
times strike the innocent? Do all em- 
ployees, without exception, earn their 
pay? Are there not those among them 
who save appearances, and dexterously 
convey the impression of working a lot 
without even doing their duty? To de- 
sire an infallible system is to seek the 
impossible... 

To apply the system of participation 
in the proceeds of industrial enterprises 
is to interest the employees in the results 
of bad years as well as good, and to 
render them shareholders in the enter- 
prise; does not this tend to reconcile 
capital and labour, and does it not acce- 
lerate the solution of one of the gravest 
questions debated in our day? For if 
this struggle has always existed since 
society existed, it has at least never been 
more inflamed than now... 

When it is proposed to seek the means 
of interesting the staff in the prosperity 
of the enterprise by looking for inspi- 
ration amongst the flood of ideas which 
respond to the modern conception of 
things, always ready to presume a matec- 
rial motive in human action, the possi- 
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bility is almost forgotten of having re- 
course to other means serving the same 
end... 

If money counts for much in life, it 
is not everything in human affairs. 
There are cases where a position less 
advantageous as to money is preferred 
to one more brilliant, for reasons of a 
purely moral order... 

Self-esteem and affection for superiors 
result from good treatment, which is one 
of the most essential conditions for keep- 
ing the personnel of an enterprise con- 
tent and for inducing it to identify itself 
with that enterprise; there go along with 
this all the means proper to maintain- 
ing and increasing ambition, esprit de 


corps, mutual consideration amongst the - 


personnel, etc., ete., all of which serve 
to render service relations agreeable... 

Two things, bureaucracy and centrali- 
sation —— of which we do not know 
which is the cause and which the effect 

- are detrimental, from this point of 
view, to railway interests... 

Bureaucracy, as also centralisation, 
over and above the expense occasioned 
by the complication of the service, stifle 
the practical sense and the spirit of ini- 
liative of the employees, without which 
the railways cannot respond to what we 
have the right to expect of them. Fur- 
ther, they deprive the staff of the desire 
and even of the possibility of interesting 
themselves sincerely in the development 
and prosperity of their employers, the 
Companies... 

This is also the main reason which 
dictates the rejection of the premium 
system when it is limited exclusively to 
the directors and chiefs of service. -The 
monopoly of material reward conduces 
to a moral monopoly, i. e. to bureaucracy 
and centralisation... 

One should adopt as a maxim: 
« Write as little as possible » and enforce 
the principle of personal responsibility. 
Amongst the things which are little cal- 
culated to improve the sentiment of 


honour the staff and to stimulate ambi- 
tion, extreme control can still be rank- 
eg 

It is very difficult to say which should 
be preferred of the systems here dealt 
with. That depends to a great extent 
on circumstances, and a method applied 
with success on one railway may be 
inefficacious on another. The best thing 
would be for each Administration, ac- 
cepting the principle, to combine the ele- 
ments brought out during the course of 
the discussion in Congress so as to form 
a complete and harmonious system, and 
to commence within a narrow frame- 
work adapted to the respective circums- 
tances of the railways, ready for enlar- 
gement as occasion demands. That 
would be my conclusion, if I had to pro- 
pose one to the Congress. What is bey- 
ond all doubt is that this question is of 
extreme importance, and that no rea- 
sonable means should be neglected to 
stimulate the zeal of the employees and 
to incite them to interest themselves in 
the prosperity of their employers, the 
railways. 


In the discussion of the question and 
of the report, the cireumstance is worth 
noting that to the majority of those who 
took part the fact did not appear very 
agreeable that M. Ambrozovics attached 
a great importance to organic and moral 
questions. Reading today, this discussion, 
at a distance of 44 years, produces the 
impression that Mr. Ambrozovies, perhaps 
in advance of his time, was of a type 
of mind superior to those who received 
so badly, as it appears, his organic and 
moral conceptions. At the present day, 
in 1930, the welcome offered to the ideas 
of Mr. Ambrozovics would assuredly be 
quite different, for even the capitalists, 
the large firms and high functionaries 
who, formerly, only took account of fi- 
nancial and technical data, are today. 
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unanimous in recognising the enormous 
and transcedent place that organic and 
moral factors occupy in the problem of 
the participation of the personnel in the 
revenue and profits of a railway, as of 
any other industrial enterprise. 

Here are the conclusions then appro- 
ved in plenary session : 


The meeting is of the opinion that 
outside of the means of a moral and ma- 
terial order (provident institutions, etc.) 
calculated to maintain the necessary 
bonds of solidarity between the Com- 
panies and their employees, premiums 
for economy, bringing into play their 
personal interests, are one of the best 
means for developing the efforts of the 
employees, in the direction of improving 
working results. 

The meeting remarks, in the first 
place, the difference to be established 
between bonuses, properly so called, 
which recompense exceptional efforts or 
services, not susceptible of exact measu- 
rement, and premiums, which can be ap- 
‘plied to economies realised on expenses 
which it is possible to evaluate more 
or less exactly. In this order of ideas, 
the assembly completely rejects the idea 
of premiums based on the development 
of gross receipts, by reason of the diffi- 
culty of determining exactly who are 
the servants who can influence such 
development, and above all of measuring 
such influence. 

Premiums based on the increase of net 
working receipts (and not on the incre- 
ase of the dividend), after setting aside 
the capital charges, on which the operat- 
ing services have no effect, would be less 
difficult to establish; it appears prefer- 
able to the assembly, however, by reason 
of the influence of the gross yield on the 
working receipts, to adopt here the form 
of a bonus, the total amount of which, 
determined by the Boards, would be dis- 
tributed by the directors amongst the 
various operating services and by the 


chiefs of these services amongst the em- 
ployees who may have been able to con- 
tribute to the increase of the net receipts. 

With regard to operating expenses, the 
assembly considers that these comprise, 
in very large number, elements suscep- 
tible of more or less precise determina- 
tion, either directly or by the results 
obtained in one or more previous finan- 
cial years, and that for all these elements 
it may be very advantageous to establish 
premiums based on the saving realised 
on a wisely determined allocation. The 
bases of these allocations must be revis- 
ed from time to time, to take account of 
the results achieved, the share attributed 
to the employees in the savings realised 
having to be increased as the allocation 
is reduced. 

The meeting considers that premiums” 
alloted to aggregates too large in number 
are pot advisable, the reciprocal supervi- 
sion of the employees over each other 
becoming impossible. It thinks that the 
premiums must be direct, and paid so 
iar as possible to individuals or to very 
small groups. It thinks it inadvisable to 
limit them in advance to a maximum; if 
they appear excessive, it is preferable to 
revise the bases of the allocations, [It 
adds that, in order to produce their full 
effect, premiums must be credited to 
those entitled to them as soon as possible 
after the settlement of the operation to 
which they relate. 

The meeting is of opinion, finally, that 
if, in the operating services, there are a 
very great number of elements suscepti- 
ble of evaluation in advance and of pre- 
miums for economy based on a predeter- 
mined allocation, it is well to avoid those 
premiums which would be liable to com- 
promise safety, and in particular only to 
apply them with prudent reserve to the 
service of permanent way maintenance, 
economies in this respect being possibly 
realisable by neglect of measures absolu- 
tely indispensable to safety and to the 
good preservation of the track. 
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Ill. — Some works worthy of men- 
tion, published in the Bulletin of 
the Railway Congress. 


The Bulletin of our Association has 
also published or noticed some important 
works on the subject studied in the pre- 
sent report. 

In the number for May 1895 (French 
edition), pages 1632 to 1634, there ap- 
peared a short but interesting note by 
the Southern Italian Railways, in which 
they give an account of the recent crea- 
tion of a special premium system, the 
object of which was to ensure economy 
in station working and in the handling 
of goods, an economy obtained, thanks 
to the allocation of the said premiums 
to the staff, on the surplus of the an- 
nual budget of each imporiant station. 

The number for December 1896, pages 
1222 to 1227, contained an instructive 
note concerning the Russian Railways, 
in which there are demonstrated, with 
documentary support, the advantages of 
the premium systenr over others in the 
services of loading, unloading, tranship- 
ping, receiving and delivering goods and 
luggage, vigilance in transit and in the 
stations, also in other various station 
services, such as the consumption of 
books and printed matter, the cost of 
travelling expenses of the employees of 
the commercial service, of those charged 
with the shunting at stations, with fir- 
ing, lighting ete. 

The number of August 1897, page 1229, 
reproduced a circular of the Minister of 
Public Works in France on the subject 
of train speed recording apparatus and 
the premiums for regularity and econo- 
my in France. In the said circular, ad- 
dressed to the Boards of Directors of the 
railway companies, it is certified from 
an authorised source that such premiums 


io] 


are not incompatible, as some believe, 
with the safety of traffic, whether use 
is made or not of recording apparatus. 

In the number for January 1898, pages 
3 to 18, there appeared a communication 
addressed by Mr. Schmidt, Engineer of the 
Russian Railways, to the Xth Consulta- 
tive Technical Assembly of the General 
Railway Conference of that country. It 
is well worth reading, for it demonstra- 
tes theoretically and practically the pos- 
sibility and the utility of economy pre- 
miums in permanent way service, and 
refutes what is said on this subject in 
the last paragraph of the conclusions 


-quoted above of the session of our Con- 


gress of Paris, 1889. In the same order 
of ideas, a very remarkable case is that 
mentioned by the same Mr. Schmidt 
(page 8) : we mean the conversion of the 
engineer, Mr. Ast, who, previously hostile 
to the premium system, as were the 
members of the Paris Congress, ended 
by becoming its defender. 

In the number of September 1898, 
page 1075, and under the title: « Co- 
operation on the railways», there is a 
note giving an account of the facilities 
which the Illinois Central Railway Co. 
accords to its employees to permit them 
to acquire shares in that Company at 
special prices and on special terms, with 
the resuli that the interests of the said 
Company, its employees and the public 
have reaped benefit. 

In the number of March 1903, pages 
187 to 197, there appeared an article 
irom the pen of Mr. Rimestad, Director 
of the Danish State Railways, on the 
reorganisation of those railways. The 
third part is entitled : « Participation in 
profits». This participation consists of 
allotting to the employees so much per 
cent of the annual profit of the rail- 
ways, distributed according to grade; the 
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said percentage is fixed in accordance 
with a decreasing scale as the profit 
realised increases. The most interesting 
thing in this study is the statement of 
the considerations into which the author 
enters to justify the adoption by the Da- 
nish railways of participation in profits 
(pages 195 and 196). This work is only 
an extract of a proposal of the mixed 
Parliamentary Commission nominated in 
1898 to study the reorganisation of the 
said railways ; further, as is stated in 
the August number of the Bulletin 
(1903), page 794, this proposition was 
adopted by the Parliament, with slight 
modifications of a secondary order, 
Special mention is due to the discus- 
sion constituting a series of three artic- 
les inserted in our Bulletin in 1913. The 
first appeared in the March number, 
pages 200 to 206, under the title: « Are 
we ready for industrial co-operation ? », 
by Fairfax Harrison, president of the 
Chicago, Indianapolis & Louisville Rail- 
way, member of the Permanent Commis- 
sion of the International Railway Con- 
gress Association. The second article, 
which figures in the September number, 
pages 731 to 754, bears the following 
title : « Note on Mr. Fairfax Harrison’s 
scheme for industrial co-operation » by 
Lionel Wiener, Director of the Société 
Balkanique d’entreprises générales. Fi- 
nally, in the December number, pages 
995 to 1004, there appears the third 
entitled: «Mr. Fairfax  Harrison’s 
scheme of industrial co-operation applied 
to the railway operation», by H. Mar- 
chand, electrical engineer, Brussels. 
These three papers are of real inter- 
est, as must any discussion of a serious 
nature between intelligent and sincere 
men sustaining different points of view. 
Mr. Harrison treats of the industrial 
conflict produced by the struggle bet- 


‘quences 


ween capital and labour, its fatal conse- 
and its possible remedies. 
Amongst these latter he rejects the idea 
of common ownership between masters 
and workpeople ; he rejects socialism, 
also exaggerated state interference, and 
he believes that the solution of the pro- 
blem, in the railway world, lies in in- 
dustrial co-operation according to a for- 
mula which he puts forward, and which 
consists of the proportional distribution 
of the gross yield between capitalists and 
paid workers, following rules which he 
lays down in the same article. 

Mr. Wiener attacks the formula of 
Mr. Harrison with formidable argu- 
ments. The solution which he proposes 
is, so to speak, automatic : The just de- 
mands for increase of wages must be 
satisfied ; these concessions will be ine- 
vitably followed by other demands, not 
just, but which nevertheless the mass of 
railway labour will likewise get  satis- 
fied, because of the great forces at its 
command; as a consequence of all this, 
increases of rates will be necessary, 
against which the public will protest 
with growing energy; finally, the 
struggle amongst all these opposing for- 
ces will result in a fair equilibrium be- 
tween the profits of fhe shareholders, 
wages and tariffs, i. e. between capital, 
labour and the public. 

Althongh it figures in the Bulletin as 
a sub-title, the real title of Mr. Mar- 
chand’s study aforesaid is: «The ad- 
ministrative problems from the psycho- 
logical point of view». Mr. Marchand, 
in his very remarkable work, combats in 
a reasoned manner the solutions propo- 
sed by Mr. Harrison and by Mr. Wiener, 
and offers a third : 

The project of Mr. Harrison —— says 
Mr, Marchand — is correct from the 
mathematical point of view, but not from 
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the pracical point of view; it is a tech- 
nical and not a psychological one... The 
application of M. Wiener’s scheme would 
be, if we may use the expression, a sur- 
gical operation; before we adopt it,. let 
use see if there is not a remedy. 


Mr. Marchand sees the crux of the pro- 
blem in the psychological factors ; he 
takes men as they are, and applies to 
them the treatment suggested by their 
own nature: adequate pay, duly in- 
creased with the years, etc., and comple- 
ted by a system of premiums serving to 
stimulate the individual; such is the 
first thing to be done. Mr. Marchand 


examines and rejects the system of parti-: 


cipation in profits, in the form of a 
distribution amongst the staff of a por- 
tion of the surplus, as well as-in that of 
exceptional advancement in prosperous 
years ; and he rejects it, amongst other 
reasons, as immoral, for it is not moral, 
he says, that the efforts of the staff 
should be rewarded according to the fi- 
nancial situation of the enterprise. 
Without entering into details, he goes 
on to establish the fundamental princip- 
Jes of a good premium system, embracing 
the higher employees. In a. fashion ana- 
logous to that followed by Mr. Ambrozo- 
vies in his report to our Congress, (ses- 
sion of Paris, 1889), as we have noted 
above, Mr. Marchand ealls attention to 
bureaucracy and centralisation, excess of 
which he condemns, underlining at the 
same time the great importance of a good 
administrative organisation. With. re- 
gard to promotion, he considers that the 
best employees should be advanced, and 
not exactly the oldest ; and in order that 
the methods of selection should be just 
and should produce fortunate results, he 
details the conditions which, in his opi- 
nion, are necessary. The last paragraphs 
of his study constitute in part a sum- 


mary and in part an exhortation. In 
sum, the note of Mr. Marchand is a 
concise work of substance and of ripe 
reflection. 


* 
* * 


In the Bulletin for August 1920, pages 
533 to 547, there is a study by the Swiss. 
engineer Mr. R. de Valliére, entitled : 
«The Taylor system and some observa- 
tions on its application». After having 
given a synthetic survey of the said 


-system, the author deduces its favourable 


consequences, which can be essentially 
reduced, according to Mr. de Valliére, to 
diminishing the cost of manufacture and 
distribution, which permits the increase 
of wages and the reduction of selling 
prices, and leads, in the end, to the 
greater well-being of mankind, 

M. Peschaud, in an article inserted. in 
the Bulletin of November 1920, pages 
784 to 798, renders an account of the 
new status of French railway servants, 
and of the participation of the staff in 
the working of the system ; he sets forth 
the object of the delegations of this staff 
for its regional representation, its repre- 
sentation before the respective chiefs of 
service, and its representation before the 
Director and in the Higher Council of 
the railways. 

Under the title ; « Labour Co-partner- 
ship in transport », the Bulletin of April 
1921, pages 456 to 459, publishes a sum- 
mary of a paper read by Sir George Gibb 
to the last.« Labour Co-partnership Con- 
gress». The author speaks principally 
of the association of the staff in the 
management of enterprises, in which it 
forms part of the Boards of Directors, 
Committees of Management, etc., and he 
sets forth the advantages and drawbacks 
entailed thereby. - : 

In an article published on pages 1010 
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to 1012 of the number for September 
1922, under the title : « Creation of Rail- 
way Council schemes on British Rail- 
ways », there is a report of what is pres- 
cribed as to this question by the new 
Act of 1921 dealing with the English rail- 
ways, from the point of view of the par- 
ticipation of the staff in the said bodies. 

In the number for December 1923, 
pages 1103 to 1105, there are summarised 
the essential provisions pf the Ministerial 
order relating tc the Czecho-Slovakian 
Railways, on the terms of which there 
is established, from the 1st July 1923, 
a system of premiums on savings in fuel 
and lubricating materials for the em- 
ployees of the traction service. 

In the number for March 1927, pages 
269 and 270, there is reproduced a cir- 
cular of the Canadian National Railways. 
By this circular, as a result of inquiries 
made and conferences held between 
masters and workmen, the system of pre- 
miums is done away with in the shops 
of these railways, and against this all 
the workmen in these shops benefit by 


an inerease of time wages. The circular . 


does not give detailed reasons for the 
measure adopted ; it simply makes an al- 
lusion to the situation created by the 
fusion of the lines which at present con- 
stitute the system in question, and to the 
utility, or rather the necessity, of unifi- 
cation. 


IV. — The ideas and accomplish- 
ments of Mr. Ford in railway mat- 
ters. 


The ideas and the work of Mr. Ford 
in railway matters which we are now 
about to summarise, so far as they re- 
late to the subject of this report, are ex- 
plained in greater detail in the books 
which he has published, and which are 


worthy, in our opinion, of being atten- 
tively read and pondered. 

Mr. Ford affirms that the real progress 
of the Ford Motor Company dates from 
1914, the year in which this concern rai- 
sed the minimum wage, then not much 
above two dollars, to the level of five 
dollars a day, which, he said, had as a 
consequence the increase of the purchas- 
ing power of the workers of the Com- 
pany ; these increased in their turn the 
purchasing power of people outside the 
Company, who reacted on ever larger 
groups, and so on. In the view of Mr. 
Ford, this idea of extending the purchas- 
ing power by paying high wages and 
selling at low prices is one of the main 
bases of the present prosperity of the 
United States. It is, he adds, the funda- 
mental cause of our contemporaneous 
society. For this reason, he gives to high 
wages thus considered the generic name 
of « wage motive». 

This conception of wages leads Mr. 
Ford to distinguish clearly this term: 
«wage molive» from two others : «sub- 
sistence wage » and « standard wage ». He 
says, in this connection, that high wages 
cannot be paid just for the asking, for 
if wages were raised without ‘reducing 
the cost of production the purchasing 
power of the people would not increase ; 
whence he concludes that there is no 
wage in existence which merits the name 
of « subsistence wage » if it does not cor- 
respond to an equivalent amount of 
work. As to the « standard wage », Mr. 
Ford believes that there is no one in the 
world who possesses sufficient know- 
ledge to fix it, and he adds that the very 
idea of a «standard wage » presupposes 
already that initiative and organisation 
have arrived at their limit. 

Another fundamental idea of Mr. 
Ford’s is his conception of business. 
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« Business », real «business», is and 
must be, according to him, a « public 
service » and nothing more ; that is, the 
interests of capital, labour and the con- 
sumer must be considered as fundamen- 
tally identical ; it is to be understood 
that if we do not proceed in accordance 
with this idea, we shall compromise in 
the end the interests not only of the wor- 
kers and of the public, but- also of the 
capitalists themselves, who will see ine- 
vitably disappearing, one after the other, 
the possibilities which, on the contrary, 
offer themselves every day in greater 
number and better quality to the intel- 
ligent and broad-minded industrialist... 
Two main enemies of this modern con- 
ception of business are noted by the 
great North American industrialist, and 
he attacks them both with the greatest 
energy : professional financiers, and the 
professional apostles of socialism. « The 
two» he says «constitute a veritable 
menace : the professional financiers have 
ruined Germany: the professional so- 
cial reformers have ruined Russia : 
which of them have accomplished the 
better task , one may take one’s choice». 


Here are a few of his phrases : 


« Qne may consider an enterprise as 
finished when it starts to make financial 
combinations.» «The professional re- 
former desires exactly the same thing as 
the professional financier, that is, some- 
thing for nothing; and in this manner, 
unconsciously, financiers and reformers 
unite their efforts to destroy industry 
as an instrument of general prosperity. » 
« The principle of public service applied 
to business is very widespread in the 
United States, it will spread everywhere, 
and it will reconstruct the world ». « The 
old tricks have had their day. The old 
wisdom has demonstrated its foolish- 


ness. The old causes are without avail. 
If it is a progress to lose a false wisdom 
and find a new source of education, it 
may be said that the world has progres- 
sed. The old principles have been con- 
tradicted by experience. Progress is not 
marked by a definite frontier which’ 
must be crossed, but by an attitude and 
an aura. False ideas do not vanish at a 
given moment, nor do the true appear 
all at once. » 

What we have just quoted suffices to. 
make it clear that Mr. Ford is defending 
what at the outset of our report we cal- 
led the harmonic conception of indus- 
trial affairs, and that in consequence he 
is attacking what we there designate 
under the names of the classic conception 
and _ the socialist conception. 


* 


Let us see now how Mr. Ford applies. 
his general ideas to the railway world. 

Some years ago the Ford Motor Com- 
pany acquired by purchase the Detroit, 
Toledo and Ironton Railroad. According 
to what Mr. Ford asserts, this railway 
had not produced any profit before this 
cession ; that is to say, he explains, it 
had not produced any profit for the 
shareolders, but it had brought money 
in abundance to the bankers, who reor- 
ganised it from time to time. On the 
contrary, as soon as it was acquired by 
the Ford Motor Company it began to 
bring in to that Company a valuable 
interest. «But it would -have produced 
more still for us», says Mr. Ford, «if an 
act of Parliament had not limited to six 
per cent the interest on our capital. We 
find ourselves limited in our service by 
laws designed, in part, by ill-informed 
theoreticians, who cannot comprehend 
the true function of profits, and in part 
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Y 
by those who see in an ordered transac- 
tion the inevitable necessity of banking 
finance ». 

Mr. Ford then sets himself to expound 
in the following manner the advantages 
and disadvantages with which the Ford 
Motor Company commenced the operation 
of this railway. We will copy his own 
words : 


Advantages. — 1. Complete indepen- 
dence of banking control. 2. A large 
traffic arising from the Ford Motor Com- 
pany industries themselves. 3. Direct 
communication with all the great rail- 
Way systems of the country; the old rail- 
way company had also this communica- 
tion, but did not obtain the benefit of it. 


Disadvantages. — 1. A completely de- 
moralised staff. 2. The ill will of the 
public and of the shippers of goods. 
3. A disproportioned railway, beginning 
nowhere and finishing nowhere. 4. A 
permanent way insufficient for use, and 
a rolling stock which was only scrap 
iron. 


In the following chapter, Mr. Ford 
says : 

Out of the chaos which reigned when 
we acquired it, we have now extracted 
a railway which, while only first class 
in its men and its administration, pro- 
duced in 1925 more than two and a half 
million dollars, representing half of what 
we paid for it. This result has not been 
secured by a magician’s wand... Even 
yet we have not constructed the lines we 
think of constructing, nor laid all the 
heavy section rails we are thinking of 
laying, nor rectified many of the heaviest 
gradients. We have to reconstruct the 
whole of the railway, but we have not 
yet done it. The profits have been ob- 
tained by the simple addition of a small 
quantity of material to what was already 
in service when we took over the railway, 
and above all by the modification of the 


administration. Here is what we have 
done: ; 


1. Cleaned up the line and all its sur- 
roundings; 2. put all the material in good 
order; 3. established what we consider 
to be suitable wages, and exacted a cor- 
responding output of work; 4. abolished 
all formalism and all division of duties; 
5. acted loyally towards the public and 
towards those who are working for us; 
6. made all the improvements with our 
own money. 

The important point of the adminis- 
tration of this railway, adds Mr. Ford, 
is not the money which it has produced, 
nor whence and how it obtains its traf- 
fic. The important point is that it has 
thrown overboard deliberately a great 
mass of the old principles relative to the 
operation of railways, and that it is ac- 
complishing its task with the greatest 
correctness at a rate much lower ihan 
ihe former average tariff, while at the 
same time paying the highest railway 
wages in the country. This railway is 
in reality more remarkable from the fact 
that it disdains the application of the 
venerated traditional formulae than from 
the profits that it produces. 

.. We did not know, for that matter, at 
the time of purchasing the railway, if 
our industrial principles would be ap- 
plicable to the special railway transport 
industry, but we suspected they would, 
and in fact the reality has confirmed our 
supposition. Up to the present, we have 
not been able to do much. When we 
have succeeded in giving to this railway 
the form we wish, it may perhaps arrive 
at something transcendent. 

.. After the acquisition of the railway, 
the first step was to apply to it, the 
« Ford principles » of administration. 
These principles are extremely simple. 
They can be enunciated in three propo- 
sitions : 1) to get the work done in the 
most direct manner without taking ac- 
count of formalities or of any of the ordi- 
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nary divisions of authority; 2) to pay all 
the workers weil — six dollars per day 
at least — and to ask them 48 hours work 
a week, but not more; 3) to put all the 
machinery inio the best possible condi- 
tion, maintain it always thus and insist 
on absolute cleanliness everywhere, in 
order that all may learn to respect their 
tools, their places and surroundings, and 
ihemselves. 


The explanations which Mr. Ford goes 
on to give are very curious and instruc- 
tive ; he proves by facts that the rules 
we have just reproduced are not pure 
theory, welling up in the brain of some 
armchair thinker, but tangible and fer- 


tile realities. As it is impossible to copy 


all, we will limit ourselves to transcrib- 
ing some significant paragraphs : 

The division of labour amongst the 
men was done away with. Now one 
may see a locomotive driver cleaning an 
engine or a carriage, or find him at work 
in arepair shop. The crossing-gate kee- 
pers fulfil the office of permanent way 
men on all their section. The ‘station- 
masters sometimes paint and repair their 
own stations. The guiding idea is that 
a group of men is deputed to make a 
railway work, and that one and all, if 
they possess good will, can accomplish 
that task. It a specialist has in hand a 
job relating to his speciality, he does it; 
if he has not, he does the work of a 
laborer, or any other work he is capabie 
of doing... No one bothers to spy on the 
others, because no one is charged exclu- 
sively with that task; what governs acti- 
vity is the work and not the conve- 
nanceés- 

The old railway had 2700 employees 
for a goods traffic amounting to 
5010600 tons. This staff was reduced 
immediately to about 1500, and today, 
with double the tonnage of goods, it 
amounts to 2 390 men, including the me- 
chanics and employees of a large repair 


é& 


shop where the old engines are being 
reconstructed, 

The railway trade unions have made 
no kind of objection, since all our wor- 
kers get wages above the highest trade 
union rate. The railway menagement 
does not know if an employee is a union 
man or not; the trade unions do not ap- 
pear to bother either, since the railway 
has been excluded from any negotiation 
concerning wages and from any strike 
order, 

Cleanliness forms an integral part of 
our programme. The first thing we did 
was to clean the railway from one end 
to the other, and to paint all the build- 
ings... No employee may smoke in the 
shops... Give a worker a good tool, an 
excellent and polished tool, and he will 
learn to take care of it. It is difficult to 
get good work if good tools are not used 
in clean surroundings. These condi- 
tions are not only important, but funda- 
mental. They create the spirit of work. 
Their importance is similar to that of 
wages. Work will not pay wages unless 
conditions are established which render 
work possible... Stations and platforms 
must be swept at least three times a day... 
The locomotives and all the machines in 
ithe repair shop are polished up like a 
new motor car. The vans are kept clean 
and comfortable; often brakesmen enter 
them before working hours to scrub the 
floor. It is said that an employee of the 
Detroit, Toledo and Tronton Railroad al- 
ways carries in his hand a handful of 
cotton waste for cleaning. It is the in- 
signia of this railway! But, once used, 
the cotton is not thrown away, but goes 
to a factory which cleans it and makes © 
it like new. No rag is thrown away. 
Everything passes through our renewing 
plant. 

.. The train chief of one of the most. 
important branches of our railway had 
commenced to work as a_platelayer 
when he was 16 years old. He earned 
10 cents an hour, and often got noth- 
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ing for three months. His father was 
inspector of the same section, along with 
three other inspectors and a numerous 
gang. Today this train chief is in 
charge of the whole branch, and there 
are no inspectors. In their place, we 
have some additional permanent way 
men who act on their own initiative, 
instead of being directed from above. 
When the new plan was put in force, 
this train chief said to the permanent 
way men: « Wouldn’t you rather, boys, 
drive in a spike or lay a sleeper where 
you think it’s wanted, than walk along 
and wait till I come and tell you to do 
tg ts, 

.. Any workman can go direct to the 
central service, and everybody knows it. 
The cause of derailments is a delicate 
question on all railways, and with the 
old methods the track men were always 
at fault. At present, they have facilities 
for being heard, and we can determine 
the real culprits, who are rarely the 
track men... 

«. The absence of rules, far from being 
a disadvantage, is useful to us in many 
ways. Here, for example, is what the 
chief of a locomotive depot, who has had 
30 years seryice with the railway and 
is 68 years of age, said on a certain 
occasion : « Sometimes I have to shift a 
wagon and have no engine at the depot. 
In the old days, if I had asked a regular 
engine and crew to move this car, they 
would have told me to do it myself, be- 
cause shunting wagons was not in their 
contract. Today, any engine available 
will shift the wagon ». We pay our men 
to work, and not to discuss regulations. 

.. The workman who earns the Jéast 
on our little line gets 1872 dollars a 
year for 2496 hours work. According 
to the statistics of the « Interstate Com- 
merce Commission », the average pay of 
the employees on railways of the first 
class, not including officials, was, in 
1923, 1588 dollars per year of 2584 
working hours — that is, the employees 
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of the Detroit, Toledo and Ironton Rail- 
way who get the smallest wages earn 
25 dollars a year more than the average 
wage on the first class lines... 

We have, further, established on our 
railway, for the workpeople, a system 
of investment. The desire to invest mo- 
ney is a right one, and a legitimate rea- 
son for censure of our civilisation re- 
sides in the fact that a man cannot invest 
his savings in the industry in which he 
works; he would obtain from that fact 
an extra income, and his devotion to his 
employer would be greater. If there 
were more possibilities of making safe 
industrial investments in businesses with 
which the public is familiar, the fraudu- 
lent financial projects so much exploited 
would have less success. Our system 
has been working since October 1923; up 
till now, the employees have subscribed 
for bonds amounting to 600000 dollars, 
and the subscribers represent more than 
one half of the staff. They pay for these 
bonds with their wages, and we permit 
them to buy up to a quantity not exceed- 
ing in amount one third of their wages. 
No interest is guaranteed to them, but 
they are paid 6 % if they require to 
withdraw the funds invested. It is es- 
sentially a profit-sharing system in con- 
formity with the law and with the rail- 
way regulations. 

.» In 1920, under the old enterprise, 
the operation coefficient of our railway 
was 125.4 %; in the first year it was 
under our direction, and practically 
with the same material, it was brought 
down to 83.8 %. ‘At present, it is 60 %, 
i, e. lower than the average proportion 
secured by the best equipped railways in 


‘the whole country... 


.. This experiment, concludes Mr. 
Ford, is not lacking in importance. For 
long the railways of our country have 
lived in a state of war with their em- 
ployees, or with the public, and some- 
times with both. The struggle has been 
so prolonged that the primary object of 
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the railways appears to have been for- 
gotten. I have faith in the efficacy of 
private ownership. Under the regime of 
private ownership, it is possible to ma- 
nage any business in such a way as to 
pay high wages and to ensure cheap ser- 
vice (1). 

To conclude the indications we have 
just given of the views and work oi Mr. 
Ford in railway matters, we will advise 
the reading of an article in the « Rail- 
way Review», which has been reprodu- 
ced in the January 1924 number, pages 
77 to 80 of the Bulletin of our Assoeia- 


tion, under the title: « The Ford plan | 


of staff participation». It treats of the 
authorisation which Mr. Ford asked for 
from the Interstate Commerce Commis- 
sion, to apply on the Detroit, Toledo and 
Ironton Railroad the profit-sharing 
system which the Ford Motor Company 
had in force for some years, and which 
consists of the issue of special variable- 
interest debentures in favour of the 
staff. This is a question to which we 
have already made allusion above, by re- 
producing some words of Mr. Ford’s 
concerning the investment of money by 
employees in the actual concern they 
serve. The Bulletin article terminates 
with an extract from the report of the In- 
terstate Commerce Commission. For our 
purpose, it will suffice to copy here the 
last paragraph of this document, which 
is very eloquent, in view of the immense 
authority of the organisation whose sig- 
nature it bears : 

« The plan in question in an experi- 
ment, but it is only by the experimental 
method that we can try out what is new. 
Perhaps there is at the present moment 
no question more important for the pu- 


(1) These quotations are taken from the 
Spanish edition of Mr. Ford’s work : « To-day 
and to-morrow. 


blic than that of the relationship between 
master and paid workers. The domain 
of railway operation is vast, and the 
opportunities of improving personal rela- 
tions are unlimited. Any atiempi to 
the realisation of this desideratum must 
be received favourably. The world 
knows the actual author of this plan as 
an industrial genius. It may be thai this 
man will succeed in creating in the do- 
main of transport something as sensa- 
tional as certain of the innovations he 
has introduced in the domain of indus- 
try. Our duty is to encourage the pro- 
posed experiment, and to give it our 
sanction so far as we are authorised to 
do so. » 


V. — Before and after the European 
War. 


Before the summer of 1914. no one 
suspected that the next war was to break 
out so rapidly, and still less that its de- 
velopment and consequences would have 
the enormous influence they have had 
on the march of humanity, such an in 
fluence that some declare that this war 
will be treated in history as the line of 
demarcation, not between two epochs, 
but between two eras. Then many thin- 
kers, amongst them some really great 
men, were already applying the main 
energies of their talent and activity to 
the solution of social problems. and, 
more coneretely, of all the problems rai- 
sed by the growing struggle between ent 
ployers, workers and consumers. 1. e. 
between capital, labour and the public. 

Before the war, the eminent Taylor 
had already devoted twenty-six years of 
tenacious efforts to the exeeution of his 
45000 tests, having as their apparent 
object the determination of the laws by 
which manual labour ean give, for equal 
effort, the maximum output. We say 
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apparent, hecause the real object or at 
least the result obtained by Taylor did 
not consist of solving this problem in 
its purely theoretical aspect, but has had 
a much greater importance. 

An authority on the subject thus sum- 
marises the results of the gigantic work 
of Taylor : 


In sum, what deductions does Taylor 
draw from a lifetime of observations, de- 
tailed study and sustained effort? 

a) To perform even a simple task, to 
load sand, for example, there are a 
hundred different methods of procedure 
— one of these methods costs less effort 
than the others. 

Then it has to be perfected. 

b) The scientific study of the loading 
of sand MUST be carried out by edu- 
cated men. The same is the case with 
ALL industrial processes, in the study of 
which there are no negligible details. 

Taylor thus enlarged, without limit, 
the duties of chiefs. 

ce) The purpose of Taylor is the eco- 
nomy of human effort applied to indus- 
try. It is absurd to make useless efforts. 
All the wealth of a civilisation springs 
from the efforts of men. 

d) By scientific organisation of work, 
men will be able to produce much more 
wealth than today, with less effort. To 
this end, it is necessary to impose upon 
them scientific methods. 

e) The abundance of wealth will in- 
crease the purchasing power of wages; 
with the increase of material wealth, 
there will be an increase of general well- 
being, 

f) We must avoid charging a man with 
a task for wich be has no aptitude, or but 
little. 

g) In the application of the system, it 
is necessary to be prudent, tenacious, 
industrious, humane and psychological. 

And the same author summarises in 
brief words as follows the capital and 


transcendent conception of Taylor, iden- 
tical with that of Ford: 

Taylor shows how the capitalist, the 
employer, the workman and the public 
have an identical interest in the increase 
of wealth to be obtained under the direc- 
tion of chiefs, clever psychologists, atten- 
tive, tenacious and industrious observers, 


We have borrowed the preceding li- 
nes from a book entitled : « Le socialisme 
et art de commander dans l'industrie » 
(« Socialism and the art of command in 
industry»). This book was written at 
Liége in February 1914, i. e. months 
before the outbreak of the great war. Its 
author, the engineer, Mr. Henry, is not 
a dreamer ; he is a professional, a prac- 
tical man, but, at the same time, a thin- 
ker endowed with much general culture. 
We transcribe below some of the pas- 
sages which conclude his work : 


When it is a question of improving the 
relations between employers and employ- 
ed, a problem of infinite complications, 
we remain confounded by the assurance 
with which men who pass for learned 
men discuss the main lines of this colos- 
sal study. 

In their genial brains, they group the 
workers of the future in admirable col- 
lective associations, of which they out- 
line the general structure, with a certain- 
ty of touch only permitted them by their 
profound ignorance of details. 

Here, the detail is the man himself; 
every honest man who sells his services 
is worth studying; let us do it sincerely, 
with a desire to arrive with him at a 
lasting agreement. 

The worker who discusses the value 
of his personal work elevates himself; 
let us then put him in a position to do 
so, and do not let us oblige him to sell 
mediocre work for a mediocre wage, to 
a collective group — which is a veritable: 
return to barbarism... 
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In large-scale industry, the worker, 
to defend his rights and the value of his 
work, must address himself either to the 
trade union organisation or to the em- 
ployers’ organisation. He has no other 
choice. 

The former must be already far ad- 
vanced towards such perfection as is 
possible, since its groups include mil- 
lions of adherents, and these, by univer- 
sal suffrage «< -can choose the _ best 
chiefs... » These eminent persons, of 
whom many are very aristocratic, very 
refined, very... decadent, make nume- 
rous speeches, publish very large books, 
very difficult to read, where there is re- 


peated hundreds of times the same ode- 


to the Sovereign People; they profess to 
lead millions of workers, and up to the 
present have only been able to group 
them to defend rights and to prepare a 
strike or an agitation, but never to ob- 
tain the most economical production. 

The second, the employers’ organisa- 
tion, has proved itself; it is remarkably 
productive. But, in its treatment of the 
worker, it remains often despotic, empi- 
ric or rudimentary. 

The vast problem still interests too 
small a number of cultured men. 

When, in the great factory, a motor of 
a few horse-power gets overheated, an 
engineer sees to it immediately, makes 
tests. takes measures to prevent the re- 
currence of this minor technical acci- 
dent. If the phenomenon is repeated, 
the scientific investigations are resumed, 
concern is felt, with reason, regarding 
the surroundings in which the motor is 
working; thermometer, hygrometer,. aci- 
dity of air; the demands made on the 
machine, both mechanical and electrical, 
are examined; the various parts are dis- 
mantled, examined, submitted to mul- 
tiple tests — in brief, nothing is neglect- 
ed to ensure the service of this little 
auxiliary! If necessary, a specialist is 
consulted, accustomed to researches of 
this kind. 


And when a workman gives notice to 
leave, it is unlikely that anyone will 
trouble about his motives for going; an 
inquiry of a somewhat methodical nature 
into the demands made on this little hu- 
man auxiliary is practically never made. 

How has he been working? Since 
when? Is he well or ill controlled? 
What is his age, his diet, his dwelling, 
his family, his needs, his wage, his in- 
dustriousness, his state of health? What 
are his aptitudes, the services he has 
rendered, those which he may still ren- 
der? What are all the « details » which 
may have had influence on the decision, 
made by this workman, to leave the fac- 
tory? 

These are questions which are hardly 
ever asked about the human motor, and 
yet their study, and their study alone, 
can permit of the constitution and main- 
tenance of a population of workers, sane, 
stable, well paid, having a large output 
and living in peace! 

Outside of this difficult study, made 
up of a thousand details, full of science, 
good sense, patience, equity and enthou- 
siasm, there exists only vain and conceit- 
ed rhetoric! 

But, the sceptics will say, can we find 
a sufficient number of men prepared to 
approach the solution of so fast a pro- 
blem? Obviously, this is the most se- 
rious objection which can be made to 
our point of view! — 

Now it is always necessity which 
creates the function and the urgency of 
the meastres to be taken cannot be 
doubted by anyone. The army of engi- 
neers, lawyers, doctors and men of cul- 
ture who hold themselves apart from 
industrial realities is large enough alrea- 
dy for the employers’ side to draw there- 
from the aids which it requires, imme- 
diately, and to be able to make the 
necessary sacrifices to ensure their 
scientific collaboration. 

It is time indeed that an army of edu- 


235 
XV—115 


eated and experienced men should com- 
mence to probe into all these ill-designed 
schemes which are presented to us with 


impunity in the form of general solu- 


tions, applicable equally to everybody; 
schemes of which the theoretical success 
is only due to the greatness of the illu- 
sions they create. 

What an admirable thing, is it not, 
Monsieur le Député, this new invention 
calling itself the interest of the worker 
in the general profit of an enterprise? 

In what agreeable idleness may hence- 
forth repose the master who finds it suf- 
ficient, to reward the workers, to refer 
to an accountant at the end of the vear! 
4 simple sum in rule of three, every twel- 
ve months, will permit each one to be 
remunerated for his initiative and his 
personal merits !... 


* 


The examples we have just cited will 
suffice to show that before the European 
war many thinkers, and amongst them 
some eminent ones, who were also men 
of action, and of intense activity, useful 
and fecund, believed the moment had 
arrived for a radical transformation of 
the rules prevailing in modern industry, 
fo increase and extend its output and its 
profits. But we think we should seize 
this opportunity to recall to mind once 
more, with the praise he merits, ow, 
predecessor in the charge which, not 
through our own merit, but through the 
kindness of the Permanent Commission 
of the Congress, we have today the hon- 
our to fulfil — Mr. Ambrozovies, who, 
forty-one years ago, expressed himself in 
terms of which we have given an idea 
above. 

And, what a coincidence! If Mr. Hen- 
ry had known the cold reception, disdain- 
ful in fact, which the 4th Section of our 
Congress gave to Mr. Ambrozovics in 


1889, he would perhaps not have written 
to explain it phrases other than the fol- 
lowing, likewise contained in his work : 


If one were to seek amongst the corps 
teaching in our higher technical insti- 
tutes what number of professors had had 
the opportunity of working in industry 
and of leading men therein with success, 
it would be found that the number ap- 
proached zero. 

Certainly, it is necessary to have sa- 
vants, investigators and theorists to form 
engineers, but is it not at least regret- 
table that these young people can rarely 
or never meet at the technical schools 
masters who teach them that they will 
have to lead men? Masters who can con- 
vey this teaching, apart from dogmas 
and political beliefs, and with the autho- 
rity which personal experience alone 
can confer. 

Masters who will explain how to ac- 
quire the prestige necessary for control, 
also the harmony and discipline indis- 
pensable for the economic production of 
goods. 

Masters who will show the amplitude 
of the role which future employers will 
have to fill, the extent and importance 
of the wealth which they will have to 
divide between labour (wages), capital 
(interest), and the State (taxes). 

Masters who, after having inspired 
love and admiration for the marvels rea- 
lised by order, method and scientific 
experiment applied to matter, will awa- 
ken understanding of all that may be 
expected from the same processes appli- 
ed to the physiological and psychologi- 
cal study of the human machine !... 


If those who thought hetore 1914 
thought thus, it is not surprising that 
those address themselves today to simi- 
lar reflections who, since 1918, have com- 
menced to think, and even the great ma- 
jority of the immense multitude of tech- 
nicians, industrialists, business men, 
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professors etc., who are not in the habit 
of exercising their mental activity in the 
interests of the community, but live 
from day to day, march with the crowd 
-— in a word, conduct themselves accord- 
ing to the standards taught by routine, 
learned and practised by routine. It is 
not surprising, we repeat, that in the 
present critical times ideas and methods 
are opening up a path for themselves 
which in 1889 appeared wrong and per- 
haps Utopian. It is not surprising that, 
in all the professions, we see momen- 
tarily increasing the number of cultured 
persons to whom psychology and socio- 
logy no longer appear extravagant things, 
subjects for poetry or recreation, but 
sciences which, while still in their in- 
fancy, have already the rank and merit 
the name of sciences into which those 
must be initiated who occupy in industry 
a more or less important directive post, 
with the same attention and the same 
zeal as they devote to the study of tech- 
nical and commercial questions. 

But although these ideas have begun 
to become common, it is well that we 
should not tire of repeating, so as to com- 
bat the defenders and practitioners of the 
Roman jus abutendi, and also the char- 
latans who deceive the masses, that 
Science and Science alone can supply ef- 
fective and decisive means to solve the 
most complex social problems raised by 
modern life, and in concrete terms, in 
order that Capital, Labour and the Pu- 
blic may be transformed from blood- 
thirsty enemies into cordial collaborators. 

« Under various names», says Gustave 
Le Bon, «men in all ages have really 
adored only one divinity - Hope». 

It is proper, let us add, that the rich 
Should hope to be richer, the poor that 
they may cease to be poor ; but poor or 
rich, let us all also place our hope in 


Science, who, on the sole condition that 
we listen to her and follow her counsels, 
is the sole power capable of transform- . 
ing, so far as is possible, our gilded hu- 
man illusions into tangible realities. 


VI. — Our detailed questionnaire 
and replies received. 


Free from all prejudice, from all pas- 
sion, from all personal interest, whether 
of class, enterprise or corporation ; 
desirous of only letting ourselves be 
guided by the light of Science, but of 
complete science, of science understood 
as we have just explained ; inspired, con- 
sequently, by the reflections made above, 
and having duly collected documentary 
information, we had to draw up a plan 
or draft of a detailed questionnaire re- 
lative to Question XV. 

We divided this questionnaire into 
three parts: the first concerns the ge- 
neral systems and the special measures 
adopted to incite the staff directly (as 
individuals or small groups) to co-ope- 
rate with the Administrations for the 
improvement of output and the increase 
of profits (premiums, bonuses, excep- 
tional promotion, various rewards, faci- 
lities for acquiring shares and deben- 
tures). The second part relates to mea- 
sures of all kinds (general operating or- 
ganisation of the undertaking ; wages ; 
relations between railway staffs and ad- 
ministrations, including, should occasion 
arise, the representation of the former 
on the Boards of Directors, ete., recruit- 
ing ; employers’ organisations, etc., etc.), 
already taken with a view to inciting in- 
directly the whole of the workpeople to 
colloborate in the increase of output and 
the increase of profits. The third part 
is devoted to the measures contemplated 
for the future, and above all to the fun- 
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damental conceptions of the management 
of each railway system with regard to 
the basis of Question XV of the Congress 
of Madrid, to the measures which will 
be taken as a result either of their own 
railway experience or of the study of 
the theories elaborated and experiments 
made by all sorts of persons, entities and 
industrial undertakings, whether con- 
nected with railways or not. 

By reason of their special interests, we 
think it advisable to reproduce here the 
following paragraphs of the Question- 
naire : 


The reply to the 2nd part will be 
reduced to a very brief sumarry, intend- 
ed in the main to make known the opi- 
nion of the management on the impor- 
tance of the indirect measures indicated 
above, from the point of view of their 
effect on the participation of the staff 
in the revenue and profits of the railway, 
not merely applying these two terms, 
revenue and profit, to matters concern- 
ing the interest on the capital involved, 
but also regarding the railway industry 
as a « business », this word being used 
in the sense indicated in the definition 
of the contents of this part of the ques- 
tionnaire, 

In the 3rd part, there should be spe- 
cially notified the view of the manage- 
ment on the present theories and tend- 
ency of the modern, soi-disant more in- 
telligent capitalism, based on the devoted 
co-operation of the staff, high wages, 
very hard work preferably for a short 
day, and simultaneously on the reduc- 
tion of the cost price, of which the es- 
sential idea is the new conception of the 
word « business » as a « public service », 
in which the interests of capital, labour 
and the public are essentially one, and 
of which the most striking application 
in the railway domain has been, for 
some years past on trial on the Detroit, 
Toledo & Ironton Railroad acquired by 


the Ford Motor Company, and to which 
Mr. Henry Ford has extended his gene- 
ral and well known methods of indus- 
trial operation. What the Interstate 
Commerce Commission has said in this 
regard, in an official document, should 
be noted : « It may be that this man will 
succeed in creating, in the domain of 
transport, something as sensational as 
certain innovations he has introduced 
into the domain of industry. » 


The reply to this 8rd part should be, 
needless to say, as matter-of-fact and as 
little literary as the others, but we would 
like the Administrations to understand 
that we consider this part as the most 
important of the three which make up 
the questionnaire, and perhaps the most 
outstanding of the Madrid Congress, in 
the sense that the replies made to this 
part 3, the discussion and the conclu- 
sions of Congress in this regard may 
mark with a definite imprint — in our 
humble opinion — the physiognomy of 
the social, financial, organic and admi- 
nistrative mentality of those who direct 
the railways of almost all modern na- 
tions. For this reason we — least of all 


' — feel able to define limits of any kind 


to a reply to this question. 


The draft of the questionnaire once 
drawn up, and obeying with the greatest 
pleasure the reiterated indications which 
the Permanent Commission of the Con- 
gress has at all times given to reporters, 
we had the honour of addressing our- 
selves in the first place to our distin- 
guished French colleagues, Messrs Soulez 
and Bloch (the American reporter, Mr. 
Cook, was nominated a long time after- 
wards), with whom we had later a long 
conference in Paris. 

As a result of the conversations held 
there, the first part of our questionnaire 
was left definitely drawn up in a man- 
ner very similar, identical fundamental- 
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ly, to the questionnaire drawn up by 
Messrs Soulez and Bloch. 

These two gentlemen welcomed with 
every sympathy the second and third 
parts of our questionnaire. However, they 
did not incorporate them in theirs, be- 
cause as they pointed out, they were per- 
fectly familiar with the ideas professed on 
this subjects and with the methods adopt- 
ed or envisaged for the future by the rail- 
way administrations of France and Bel- 
gium, the only two countries which had 
been assigned to them as reporters. 

Finally, the questionnaire was accep- 
ted by the Permanent Commission, who 
had it printed and sent to the respective 
Administrations. 

Appendix No. 1 is a copy of this 
questionnaire, which we reproduce in 
full in order to make its spirit known to 
the reader. It may be, indeed, that those 
who only read the questionnaire may not 
succeed in interpreting accurately our 
ideas and our aim. At least, this is what 
happened with the majority of the Ad- 
ministrations assigned to us by the Per- 
manent Commission of the Congress, as 
We are going to explain later on. 

Appendix No. 2 is a list of the Ad- 
ministrations who replied to the ques- 
tionnaire. Comparing this list with that 
of the Administrations assigned to us, 
the relatively small number of replies 
will be noted. 

It is well to state, moreover, that, am- 
ongst all the replies received, the majo- 
rity content themselves either with 
simply acknowledging receipt, or with 
giving a few very brief particulars (so- 
metimes none, because the undertakings 
in question have not established any 
staff participation scheme) which we are 
unable to use, or with communicating 
more or less numerous data and figures 
which did not however in any way solve 


the problenr enunciated in the question- 
naire. 

It is for this reason that we said above 
that the majority of the Administrations 
has not properly interpreted our ideas, 
our design. And we will add that dif- 
ferent Administrations, more or less in- 
directly, some in extremely clear terms, 
have given us to understand that in their 
opinion our questionnaire is Utopian: 
These manifestations of opinion, as all 
those made in sincerity, must be received 
with gratitude, and are so by us, the 
more so that our sole ambition is to 
contribute to the discovery of truths, 


. useful to society in general and to the 


railways in particular, and in view of 
our conviction that none, least of all 
ourselves, can have the right to be con- 
sidered infallible. 

In view of what we have just set forth, 
we can only recommend to the Perma- 
nent Commission, for total or partial 
publication in the Bulletin, the replies 
received from three Administrations. 

In the first place, we publish in its 
entirety (as Appendix No. 3), the reply 
of the Swiss Federal Railways, but na- 
turally without the voluminous and very 
complete appendices which’ this Admi- 
nistration has had the kindness and the 
judicious initiative to add to its report. 

Appendices 4 and 5 ‘are extracts from 
the replies supplied respectively by the 
Czecho-Slovakian State Railways and the 
Bulgarian State Railways and Ports. 

Perhaps we might also give in an ap- 
pendix some extracts from other replies 
received, but we think they would throw 
no new light on the question. 

The reason which has decided us to 
publish integrally the reply of the Swiss 
Federal Railways is that this reply con- 
forms with greater approximation than 
any other to the indications given in our 
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questionnaire, this being considered as 
a whole. 

The reply of the Czecho-Slovakian 
State Railways begins in these terms : 


Generally, it is appropriate to draw 
attention to the fact that the question- 
naire has reached the Administration at 
the time when works relating to the 
majority of the subjects of the different 
questions are under consideration. The 
Czecho-Slovakian Republic, inasmuch as 
it formed part territorially of the old 
Ausiro-Hungarian Monarchy, was cons- 
trained, at the time of its constitution 
at the close of the World War, to take 
over an economy completely overthrown 
by the general devastation of produc- 
tive forces and by the demoralisation of 
that period. 


Notwithstading this modest declaration 
by the Czecho-Slovakian State Railways, 
we think we ought to reproduce the 
whole of the third part of their reply, 
in which, under the sub-titles : « Essence 
of Question XV», «Measures contem- 
plated for the future » and « Idea of mo- 
dern capitalism, said to be the most ra- 
tional », they set forth a study worthy, 
in our idea, of being known and taken 
into consideration by the 4th section. 

Finally, we reproduce the last para- 
graph of the second part and all the third 
part of the reply of the Bulgarian State 
Railways and Ports, by reason of the im- 
portant declarations made therein. 


Vi Conclusions. 


« Progress is not marked by a definite 
frontier which has to be crossed, but by 
an attitude and an aura.» These words 
of authority, transcribed above, return 
to the memory by a spontaneous conca- 
tenation of ideas, at the difficult moment 
of our being obliged to formulate our 
proposition to the 4th Section, just be- 


cause it is precisely an attitude and an 
aura which, to judge from most of the 
replies received, one does not meet with 
in the whole body of railway administra- 
tions. 

We have always believed that the as- 
sociations which are so numerous in our 
times, from the League of Nations to the 
most modest societies, taking in on the 
way our International Railway Congress 
Association, composed of representative 
personalities, intelligent and animated 
with good will, meeting periodically, not 
to give orders which they have not the 
means to impose, but only for the pur- 
pose of stimulating initiatives and acti- 
vities — we have always believed, we say, 
that associations of this kind have, above 
all, a primary mission to fulfil : to adopt 
an attitude, to create an aura. 

Without doubt, the technical railway 
questions, relating to the track, to trac- 
tion ete., are extremely interesting ; it is 
interesting also, to revert to our theme, 
to compare Administration with Admi- 
nistration, the number of francs recei- 
ved by each engine driver for a certain 
number of tons of coal saved during 
running, the annual bonuses granted to 
the staffs of the undertakings, etc., but 
certainly it is not these isolated points 
of view, unconnected, with limited ho- 
rizon, which are the most important 
when it is a question of studying a pro- 
blem having the gravity and breadth of 
that concerning the « Co-operation of the 
staff towards increased efficiency and 
its participation in the profits », An As- 
sociation such as ours has been created 
for something greater and more impor- 
tant. « Noblesse oblige », the adage says. 
If isolated individuals, however eminent, 
are only individuals ; if Taylor and Ford 
and others of their stature study the 
problems and details of industry, ap- 
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parently insignificant, with so much ar- 
dour and profundity, an Association of 
the standing of ours is much more obli- 
ged to follow the same line of conduct. 
If the main characteristic of great intel- 
ligences is to know how to raise the or- 
dinary pettinesses of life to the plane of 
general ideas whence, and whence only, 
one may presume to control men with 
success, with how much more reason 
should a corporation like the Interna- 
tional Railway Congress Association 
aspire to live on that high plane ! 


Let us return to our original idea. If 
we say, for example: « Premium recei- 
ved by traction staff for economies rea- 
lised in fuel and other material», it is 
incontestable that this question must be 
in part the object of a study by the se- 
cond section. In a similar way, it is to 
the first and to the third sections that it 
pertains to examine all the questions of 
the same kind relative to the correspon- 
ding services. But if we say : Co-opera- 
tion of the staff towards increased ef- 
ficiency and its participation in the 
profits» then there are two alternatives 
— either the question must be split up 
into three parts, assigned respectively to 
the ist, 2nd and 3rd sections, each spe- 
cialising in its own branch, the 4th sec- 
tion confining itself to combining and 
harmonising in one whole the partial 
conclusions of the three others, or else 
the problem must be studied exclusively 
by the 4th section, as has been decided 
in the present case, and, this granted, 
it is our opinion, seeing the age in which 
we live, that it can only be contemplated 
with great breadth of vision. 


To conclude, we have the honour to 
propose to the 4th Section of the Con- 
gress : : 


1. That the deliberations of the Madrid 


Session on the question « Cooperation 
of the staff towards increased efficiency 
and its participation in the profits» 
should have as its object the examina- 
tion of the question from the elevated 
point of view which, in our opinion and 
in conformotiy with what we have ex- 
plained, is the one really appropriate ; 


2. That if the 4th Section considers 
that the preliminary study of Question 
XV is not sufficiently ripe for its deli- 
berations to have the full effect desirable, 
as it did in the session of Milan 1887 for 
its question XXI, the same subject 
should be included anew in the questton- 
naire of the next session of the Congsess, 
as it was decided then. It may be that 
there would be today better and stronger 
reasons for proceeding thus, seeing that 
the movement of modern ideas in the 
matter in question is much wider, more 
intense and more accelerated than at that 
time, 


3. Finally, that if the 4th section finds 
the above proposition justified, it shall 
consent to devote a part of its meetings 
in the session of the Madrid Congress to 
the more adequate drawing up of the 
detailed and uniform questionnaire 
which, under the same title : « Co-opera- 
tion of the staff towards increased ef- 
ficiency and its participation in the pro- 
fits », should be addressed to all the Ad- 
ministrations forming part of the Inter- 
national Railway Congress Association, 
with the invitation to send their replies 
to the reporters to be designated, to the 
number of three or more, as now, to faci- 
litate the work — the respective state- 
ments of which would form a basis for 
discussion in the neat session of the 
Congress. 


Madrid, 30 July 1929. _ 
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APPENDIX I. 


Detailed Questionnaire relative to Question XV. 


I. — Composition of the Questionnaire. 


FIRST PART. 


General systems and special measures 
adopted with a view to inciting the staff 
directly (individually or in small 
groups) to assist in the increase and 
improvement of revenue and profits. 


a) Premiums; 

b) Bonuses; 

c) Special promotions; 

d) Various (honorific rewards, va- 
rious permissions, facilities and measu- 
res of every kind, with a view to render- 
ing work less arduous to this or that 
group of railway servants, etc.) ; 

é) Facilities for the acquisition of rail- 
way stock. 


SECOND PART. 


Measures of all kinds (general organi- 
‘sation of the operation of the undertak- 
ing; wages; relations between staff and 
railway administrations, including, whe- 
re occasion arises, the representation of 
the former on the Boards of Directors, 
@ic.; recruiting; employers’ organisa- 
tions, etc., etc.) with a view to inciting 
indirectly the whole of the railway ser- 
yants to assist in the increase and impro- 
vement of output and profits. 


THIRD PART. 


As a result, either of the experience 
acquired by the system (1st and 2nd 
parts), or of the study of the theories 
and experiments elaborated or made in 
other industrial operations, even extra- 
neous to railways, to set forth the mea- 
sures contemplated for the future and — 
above all — the fundamental ideas of 
the directors of the system on the basis 


‘premiums 


of the XVth Question of the Congress of 
Madrid. 

In the third part, to give specially the 
opinion of the Directorate on the present 
theories and tendencies of the modern, 
soi-disant more intelligent capitalism, 
based on the devoted co-operation of the 
staff, high wages, harder work but dur- 
ing a shorter day, and (simultaneously) 
on a reduction of costs, of which the 
essential idea is the new conception of 
the word « business » as « public ser- 
vice », in which the interests of capital, 
labour and the public are essentially 
one, and of which perhaps the most 
striking application to railways has 
been under trial for some years on the 
Detroit, Toledo “and Ironton Railroad, 
acquired by the Ford Motor Company, 
and to which Mr. Henry Ford has ex- 
tended his well-known general method 
of industrial operation. It should be 
noted what the Interstate Commerce 
Commission has said, in this regard, in 
an official document: « It may be that 
this man will succeed in creating, in the 
domain of transport, something as sen- 
sational as certain of the innovations he 
has introduced into the domain of indus- 
try. ». 


II. —— Difference between « premiums » 
and « bonuses ». 


To avoid confusion and loss of time, 
we remind the administrations of the 
following words of the president of the 
4th Section of the Paris Congress, 1889 
(Mr. Noblemaire). « In the interests of 
the discussion, I think it well to define 
the difference which I make between 
and bonuses. We _ should 
agree only to employ the former word 
when it is a question of a predetermined 
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share in the saving realised, and to call 
allowances or bonuses all the other sums 
going to swell the wages of the railway 
servants. » (Bulletin of the Railway Con- 
gress, August 1890, p. 1057 (French edi- 
tion). 

Such is the latest official doctrine of 
our Association, to which we ask for 
adherence in the replies to the question- 
naire, it being understood that the 
phrase : « when it is a question of a 
predetermined share in the saving rea- 
lised » means : a share capable of being 
calculated, and in fact calculated, in ad- 
vance, as a function of the economies or 
of the profits realised. 


[1l. —- Form in which the replies to the 
questionnaire should be formulated. 


Replies to the Ist Part. 


The administrations consulted are 
asked to be good enough to adopt for 
their replies, as regards this part of the 
questionnaire, the classification by ser- 
vices and by articles detailed below, in 
order lo facilitate our future work of 
compilation. 

However, if any circumstance leads 
certain undertakings to change this ar- 
rangement, we should be much obliged 
to them if they would send us in the 
form which suits them best all the cor- 
responding information which might in- 
terest us, enclosing the service docu- 
ments regulating the premiums, bonuses, 
sharing schemes, ete. established. 

After the description of each of the 
general systems and special measures 
adopted, in a synthetic but complete 
manner, the results obtained, should be 
indicated in a manner inspired, if pos- 
sible, by the spirit of the remarkable and 
really praiseworthy note which may be 
found in the Bulletin of the Railway 
Congress for February 1889, pp. 59 to 69 
(French edition) ; the statement should be 
finished by a documentary summary for 
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the whole of the system, in which, em- 
bracing in one survey the general sys- 
tems and special measures adopted, 
there will be spoken of the evolution in 
the past of the said systems and meas- 
ures, and an attempt will be made to 
show the present situation, in all its 
bearings, particularly by giving figures : 
of the total sum expended by the admi- 
nistration in premiums and bonuses: of 
the total number of employees benefiting 
by these, with the proportion per cent 
of the total effectives; of the average 
increase of individual remuneration: of 
the advantages obtained by the railway 
system and of the amount of the econo- 


-mies realised and due to these systems 


and measures. 


FIRST SECTION. 


Systems adopted to interest the staff 
in the revenue. 


1st QuEsTION. ——- What are the : 


Premiums, bonuses, special promo- 
tions, various rewards and_ facilities, 
having as their object to stimulate the 
discernment, devotion, initiative, vigi- 
lance and, in general, the personal merit 
of all the lower grades of the system, 
from the general point of view, i. e. 
apart from the special nature of their 
service — the general systems and spe- 
cial measures relating to which will form 
the subject of the 3rd, Sth, 6th, 7th and 
8th questions, 


1. To reward the authors of new me- 
thods proposed and adopted with a 
view to increasing or improving output; 


2. To reward the discovery in good 
time of damage, disturbances of loads 
and irregularities of all kinds, which 
may lead to the avoidance of accidents 
or simply to pecuniary economies; 

3. To reward the supervision of the 
properties of the company, the preven- 
tion of malicious acts, fraud, etc.: 
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4. To reward various kinds of econo- 
mies, such as : fuel allotted for the heat- 
ing of stations, shops and buildings in 
general; products serving for the light- 
ing of the same premises; cleaning arti- 
cles and utensils, etc.; 


5. To reward any other sort of merit 
of the lower grades in general. 


2nd QuEsrion. — What are the : 


Premiums, bonuses, special promo- 
tions, rewards and various facilities spe- 
cially reserved for the middle grades 
(gangers, foremen, workshop managers, 
depot foremen, maintenance foremen, 
etc.) by reason of their merit and above 
all in view of the good management of 
their establishment. 

Define the rewards corresponding ex- 
clusively to the management of these 
middle grade employees, and the mea- 
sures taken to reward the lower staff 
under their orders, indicating the ques- 
tion in which these measures are de- 
scribed. 


3rd QuEstTion. — What are the: 


Premiums, bonuses, special promo- 
lions, rewards, and various facilities spe- 
cially reserved for the junior and middle 
grades employees of the headquarters 
administration, headquarters of divi- 
sional departmental services, and outside 
establishments where there is office 
work (drawing offices, copying, typing, 
filing, checking offices, cashiers’ depart- 
ments, share department, etc.). 


4th QuEsTrion. — What are the : 


Premiums, bonuses, special promo- 
tions, rewards and various facilities spe- 
cially reserved for the higher grade em- 
ployees of the headquarters -administra- 
tion and of the headquarters of divisional 
departmental services. 


Sth Question, — What are the: 


Premiums and bonuses concerning 


specially the junior grades of the operat- 
ing service : 

1. Premiums and bonuses, duly clas- 
sified, granted to the employees respon- 
sible for the control of passengers in the 
trains and stations, based on the disco- 
very of irregularities in connection with 
passengers (extra charges, proceedings 
for contravention of bye-laws, etc.) ; 

2. Premiums and bonuses granted to 
employees charged, in the stations, with 
classification operations in connection 
with goods transported (luggage, postal 
parcels, fast and slow goods) on depar- 
ture or arrival, particularly as regards 
verification of weight and nature of 
goods; 

3. Premiums and bonuses granted to 
labourers (tonnage premiums) ; 

4. Premiums and bonuses for the staff 
charged with office work, such as ticket 
distribution, etc.; 


5. Premiums and bonuses for em- 
ployees working points and signals; 
6. Premiums and bonuses for the 


shunting staff (including brakesmen and 
movement office men) ; 

7, Premiums and bonuses for lamp- 
room men; 

8. Premiums and bonuses for train 
staffs (head guards, guards, inspectors, 
shunters). 

9. Premiums and bonuses for other 
special agents of the railway operating 
service. 


If some of these premiums are also 
applied without descrimination to midd- 
le or upper grade employees, dealt with 
under other questions, this should be 
indicated here, with explanations of the 
case, as regards the general system 
adopted, as in those other questions for 
the precise steps taken relative to the 
said middle or upper grade employees. 


6th Question. — What are the: 


Premiums and bonuses granted in par- 
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ticular to the junior grades in the roll- 
ing stock and traction service : 


1. Premiums and bonuses, duly classi- 
fied, attributed to employees charged 
with the driving of steam or electric 
locomotives, for savings in coal, current 
and oil, or for the work done — quanti- 
tatively (mileage run, load hauled) — or 
qualitatively (mileage run between two 
returns of the locomotive to the shops, 
number of infractions of rules, failures, 
delays, damage, time made up or lost in 
running, careful maintenance of engine) ; 

2. Premiums and bonuses adopted for 
the train examination staff (on depar- 
ture, arrival and en roule), in proportion 
to the number of trains or vehicles exa- 
mined, and the number of defects dis- 
covered or repaired; 

3. Premiums and bonuses for the 
shunting staff, also for the rest of the 
artisans and their mates in the various 
establishments (depots, maintenance, 
shops, stores, yards, coal parks, etc.) ; 

4. Premiums and bonuses for other 
special employees of the rolling stock 
and traction service. 

If any of these premiums apply also 
without discrimination to middle and 
upper grade employees, dealt with under 
other questions, state this here, giving 
explanations of the case, with regard 
to the general system adopted, as in 
those other questions for the precise 
steps taken with regard to the said midd- 
le and upper grade employees. 


7th QuEsTIon. —- What are the : 


Premiums and bonuses concerning 
specially the junior servants of the per- 
manent way and works service: 

The premiums and bonuses, duly clas- 
sified, which can be attributed to the 
minor servants of all grades in the per- 
manent way and works service shall be 
posted up, it being understood that the 
criterion of the utility of the introduc- 
tion of the premium system into this ser- 


vice, formerly altogether negative, has 
now been in full evolution for some 
years (see e. g. the article published in 
the Bulletin of the Railway Congress, 
January 1898, pp. 3 to 18). 

If some of these premiums apply also 
without discrimination to middle and 
upper grade staff, dealt with under other 
questions, state this here, giving explana- 
tions of the case, as regards the general 
system adopted, as in those other ques- 
tions, for the special steps taken relative 
to the said middle or upper grades. 


8ih Question. —- What are the: 


Premiums, bonuses, rewards and yva- 
rious facilities alloted to the junior ser- 
vants of the various services : 


1. Temporary staff and contractors 
employed on the System. 


Should the Railway Company use 
auxiliary staff, either directly or through 
the medium of contractors or companies, 
for certain work; labouring, cleaning, dis- 
infection, repair of rolling stock, of fix- 
ed plant, buildings or track, office work, 
etc.) and if, in this case, the output of 
work appears in the calculation of the 
remuneration paid by the System, there 
should be classified and entered the 
premiums, bonuses, rewards and various 
facilities, in the same way as for the 
servants of the System. 


2, — Special cases. 


For special cases, one should proceed 
according to the particular conditions 
in which such present themselves. 


SECOND SECTION. 
Systems adopted to interest the staff 
in the earnings. 

Only Question. — What are the: 


Premiums, bonuses and facilities for 
the acquisition of stock, which may be 
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established as a function of the profits 
obtained by the Railway System. 

1. Premiums and bonuses granted in 
relation to profits, either as a function 
of the gross receipts, net receipts or divi- 
dend, etc.). 

2. Facilities accorded by the Adminis- 
tration for the acquisition of stock for 
the employees of the undertaking : sha- 
res, debentures, special bonds. 


Reply to the 2nd Part. 


The reply to the second part will be 
reduced to a built up note, intended 
mainly to make known the opinion of 
the Directorate on the importance of the 
indirect measures indicated above, from 
the point of view or their effect on the 
participation of the staff in the revenue 
and profits of the railway, not only ap- 
plying these two terms: revenue and 
profit, to what concerns interest on the 
capital involved, but also envisaging the 
railway industry as a business, this word 


being used in the sense indicated in the 
definition of the contents of the 3rd part 
of the questionnaire. 


Reply to the 3rd Part. 


The reply to this 3rd part must be, 
needless to say, as substantial and as 
little literary as the others; but we 
should like the Administrations to un- 
derstand that we consider this part the 
most important of the three which com- 
pose this questionnaire, and perhaps the 
most outstanding of the Madrid Congress, 
in the sense that the replies made to this 
3rd part, the discussion and the conclu- 
sions of the Congress in this regard, may 
mark with a definite imprint — in our 
humble opinion — the physiognomy of 
the social, financial, organic and admi- 
nistrative mentality of the railway direc- 
tors of nearly all modern nations. For 
this reason we — less than anyone — 
would care to define limits of any kind 
to the reply in question. 
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APPENDIX. 2. 


List of administrations who have replied to the detailed questionnaire. 


Length of lines. Administrations. 
COUNTRY. Ser a 
Kilo- 
metres, | Miles. Designation. 
Bylearra . sag Sac ee 2 285 1420 | State Railways. 
Denmark 0] Psa ssa 2458 | 1527) State Railways. 
Spee A prgees ers of Seog eo 1 644 1022 | Andalusian Railways. 
DOs ats Sh i eran rog 201 125 | Catalan Railways. 
DOA Gasteeees ee eee 302 188 | Central Aragon Railways. ; 
Mla Oteethystevcn: os, teaeen eee | 777 483 | Madrid to Cacérés, Portugal and West of Spain 
Railways. 
EN aot cee Al OMe be Ogee 33 < 3670 | 2280 | Madrid to Saragossa & Alicante Railways. 
AD Ose Freee orale ta Ase Rega 2907 185 | Medina del Campo to Zamora and Orense to Vigo 
| Railways. 
1 [ts Dafa ae and Eres fea SO oe | 3602 2294 | North of Spain Railways. 
Gl Greees ip, ay ay ee en ae | 4320 820 | State Railways. 
AU TGA: Secs ae en on eee 296 484 | Mediterranean Railways. | 
DO: caste ae eee : 76 47] Turin Tramway and Light Railway Company. 
Larkembur (72 25.5 «6s = 207 129 | Guillaume-Luxembourg Railways. 
A DOss shots Aare tn eee ee 250 155 | Prince Henri Railways and Mines. 
al Nouwalys | 2 asseue weer | 3307 2055 | State Railways. 
i) Holland) ee acne oes | 2469] 41348] Netherlands State Railway Company. 
Ww DO. we See ee oe 1 458 906 | Dutch State Railway Company. 
Do? (Colones), 2s. 0... 863 536 | Dutch Indies Railways. 
MDGs tdG: a LA ee ee 388 241 | Semarang-Cheribon Steam Tramway. 
| eoland-y sae ee fe ee ae 16993 | 10559 | State Railways. 
qiBoncupalices «eee aoe | 185 115 | Portuguese National Railway .Company. 
"Dos (Colonies). 5.95... . | 41049 652 | State Railways. 
a Moupoplavians 42) 0) > aaa 9004 | 5595 | State Railways. 
ae Wed eNicts toto eee eee 6 055 3762 | State Railways. 
: 261 162 | Géteborg-Boras and Boras-Alfvesta. 
238 148 | ‘Stockholm-Roslag. 
479 298 | Stockholm-Vesteras-Bergslagen. 
92 57 | Uddevalla-Venersborg-Herrljunga. 
380 174 | Viistergitland-Géteborg. 
2 942 { 828 | Federal Railways. 
2531. 457] Bernese Alps Railways. 
276 474 | Rheetian Railway. 
2 1.24} Lausanne-Ouchy Railway. 


12429 | 7723) State Railways. 
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APPENDIX 3. 


Reply of the Swiss Federal Railways 


to the 


detailed questionnaire relative to Question XV 
« Co-operation of the staff towards 
increased efficiency and its participation in the profits. » 


FIRST PART. 
FIRST SECTION. 
QUESTIONS 1-4, 


To stimulate the interest of the staff 
in the prosperity of the undertaking, 
bonuses (called « premiums ») are grant- 
ed to the officials, clerks and work- 
people who present utilisable proposals 
calculated to simplify, improve or render 
more economical the administration or 
the operation. These premiums are of 
three sorts, and may be cumulative : 


a) Grant of honorable mention; 
6b) Payment of an amount in cash; ' 


ec) Allowance of extra leave, not ex- 
ceeding 30 days. . 


From the ist May 1927, the date of 
the entry into force of the regulations 
delivered in this general service com- 
munitation (abbreviated to ec, g. s.), till 
the end of August 1928, there have been 
presented to the Administration, in 
round numbers, 700 proposals, of which 
253 have been definitely dealt with. In 
84 cases, no premium has been granted. 
In 85 cases, honourable mention was ac- 
corded, and in the other 84 cases honou- 
rable mention has been accorded and 
money premiums paid ranging from 20 
to 150 francs. The total amount of these 
84 rewards in cash is in round figures 
3000 francs. None of the proposals put 
forward up to the present has been of a 
nature to secure a large direct profit for 
the Federal Railways, nor to give rise to 
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appreciable innovations in the operating 
service. 

In the terms of the general service 
order (c. g. s.) No. 8, rewards can be 
allotted, charged to a special fund called 
the « Guyer-Zeller fund », to all servants 
on the Federal Railways or their survi- 
vors :. 


a) for acts by which the said servants 
have distinguished themselves in the ope- 
ration of the railway, in the supervision 
of the track, in the accomplishment of 
maintenance work on the railway or of 
constructional work carried out on the 
domain or outside the limits of the rail- 
way, but which bears a relation to its 
operation; 


b) for acts accomplished with a view 
to averting or preventing accidents, pro- 
vided they have been appropriate to the 
securing of that end; 


c) for the discovery of attempts 
against the safety of the service or of 
the passengers, or against the property of 
the railway or its passengers, also for the 
detection of the authors of such attempts. 


In 1927, for example, there were paid 
in virtue of these arrangements 86 rew- 
ards, representing a total of 1 620 francs. 

Since 1923 we have been allotting to 
the personnel of the ticket printing ser- 
vice, excluding the office staff, in accor- 
dance with the regulations, premiums for 
work done over and above the normal 
work. The result has been very satis- 
factory. The servants, stimulated in 
their work, produce more, and manage 
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to earn by the end of the year premiums 
amounting to as much as 500 francs, 
which represents for the Administration 
an appreciable saving in staff and ma- 
chinery. 


QUESTION 5. 


No.1. Each time a train agent notifies 
a case of abuse of season tickets, for a 
limited number of trips, or general sea- 
season tickets, free travel passes or em- 
ployees’ tickets, he is awarded a pre- 
mium of 5 fr. per ticket or pass. 

In this connection, we would specially 
point out that with us, access to the plat- 


forms being free, the checking of tickets . 


is exclusively effected by train agents, 
and is carried out in or — on the trains 
themselves. 

No. 3. In some large goods stations, 
there are allotted, as an experiment, pre- 
miums to the chiefs of gangs and to the 
workmen for the handling of goods. 
This premium is calculated on the 
weight of goods handled above the 
weight fixed as the normal output (ton- 
nage premium). The experiments made 
up to the present have been satisfactory. 
It has been calculated that this system 
permits of economies up to 70 centimes 
per ton above mentioned. 


Except for the premiums mentioned in 
Nos. 1 and 3, and subject to what is 
going to be said with regard to train 
staffs (Nos. 8 and 9), no premiums for 
work or special bonuses are granted to 
employees in the categories enumerated 
under Nos. 1 to 7 of Question 5. 


Nos. 8 and 9. The train staffs : head 
guards, guards, conductors and brakes- 
men) receive, in addition to their fixed 
wage, the extra allocations provided for 
in Regulation No. 22, i. e. : 


Mileage awards (art. 2); 

xtra for head guards service (art. 3); 

Hourly award for unloading, loading and 
shunting services (art. 4) ; 

Lodging allowance (art. 9); 


Allowance for tickets withdrawn (art. 10); 

Award for reserve service (art. 5); 

Award for service on constructional trains 
(art. 6); 

Award for exceptional employment in sta- 
tion service (art. 7) ; 


Award for temporary train service in other 
depot stations (art. 8) ; 

Allowance for meals obtained away from 
home, as per ¢c. g .8. No. 72/1918, appene 
to Regulation No. 22. 


' The extra allowances for head guards 
consist, according to article 1 of regula- 
tion No. 22, of extra pay per day of 
service and a lodging allowance (when 
sleeping away from home). 

These extra allowances have the cha- 
racter of items of wages. 


QUESTION 6, 


No. 1. Locomotive enginemen. — 
There are allotted to the chief drivers 
(principal drivers), in addition to their 
fixed regular pay, the awards provided 
for in art. 14 of Regulation No. 22 for 
éach hour of absence from -their home 
station and for each night passed away 


from home, with the extras arranged un- - 


der (1) by c. g. s. No. 72/1918 attached to 
the said regulation. 

The drivers and firemen receive, in 
virtue of this Regulation No, 22, the 
awards and extras below : 


Mileage awards (art. 15); 

Awards per hour of service and staying 
away from the regular station (art. 15) ; 

Extras for certain trains and certain lines 
(art. 16); 

Extra for sleeping away (art. 16); 

Extra for temporary work at other depots 
(art. 16); 

Allowance to drivers called on to deputise 
for the depot chief and to firemen acting 
temporarily as drivers (art. 16) ; 

Further : 

Special allowance of 1 centime per kilo- 

metre for drivers carrying out alone (with- 
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out assistants) the duties of electric locomo- 
tive drivers : 

Allowances for meals taken. away from 
home (c. g. s. No. CEASE attached to Regu- 
lation No, 22). 

No, 2. Under certain conditions, pre- 
miums are granted to employees of the 
track supervision and maintenance ser- 
vice, of the station and train service, 
also the traction and workshop service, 
who discover damage or defects in roll- 
ing stock or permanent way. These pre- 
miums vary between 1 and 10 francs 
according to the importance of the defect 
discovered. They are laid down in Ser- 
vice Order No. 314 of the Directorate 
of the old IInd Division, of 25 January 
1905, the application of which is extend- 
ed, in practice, to the whole system. 
Peon ‘3. Nil: 


No. 4. Train controllers are also en- 
titled to the extra: allowances provided 
for in art. e of Regulation No, 22 and 
in (1) of c. g. s. No. 72/1918 appended to: 
this Pe ilation, 

The steamboat staffs also receive, in 
addition to their regular wage, special 
allowances provided for in arts, 21 to 28 
of Regulation No. 22 and by ec. g. s. 
No. 72/1918. 


— QUESTION 7. 


See what is said above with regard to 
Question 6, No. 2. 


pe QUESTION 8. 


No. 1. In certain stations, the hand- 
ding of goods is in part carried out by 
contractors, who are paid according to 
‘circumstances, by the hour or by the 
ton handled. 

No. 2. In addition to the ordinary 
pay and premiums, bonuses and allow- 
ances mentioned in the foregoing replies, 
bonuses * or, special allowances. can be 
granted in virtue of, the following legal 
-or regulation provisions : 


a) Art. 49 of Federal Law on the Sta- 
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tus of Officials: bonus of one month’s 
wages to any official, clerk and work- 
man attaining 25 and 40 years service; 
_ 6b) Regulation No. 47: 
night work; 

c) Provisions No, 
permanent way and 
unusual night work; 

d) Provisions No. 234: 
for work in long tunnels; 

e) Provisions No. 33 
tra work; 

f) Art. 10 of Regulation No. 25 : Extra 
wage payable to day workers employed 
temporarily on work of a particularly 
arduous nature (night fireman service; 
boiler inspection or cleaning service 
carried ou as an extra duty). 


allowance for 


233 : allowance to 
telegraph staff for 


allowances 


: reward for ex- 


SECOND PART. 


No. 1. The staff is not interested in 
the profits of the undertaking. It is not 
granted, from these profits, premiums or 
bonuses of any sort. 

No. 2. The staff, whatever may be its 
rank, may subscribe for Federal Rail- 
way loans or acquire stock like any pri- 
vate person, but enjoys no privilege in 
this respect. 


SECOND PART. 


A. Collaboration of the staff in the 
Administration is allowed, in order to 
stimulate its interest in the good work- 
ing of the enterprise. This is exercised 
in the following manner : 

1. Although the law does not require 
this (see art. 6 (2), a, and art. 8 of the 
Federal Law concerning the organisa- 
tion and administration of the Federal 
Railways), the Board of Administration 
counts amongst its numbers a representa- 
tive of the staff; iyi 

2. This same law (art. 31), and art. 
67 of the law on the status of the staff, 
provide for the institution of Staff com- 
mittees, which have an exclusively con- 


sultative character. In virtue of these 
legal arrangements, our Administration 
created, in 1926 and 1927, after a trial 
previously made, « staff committees », 
and also « workshop employees’ com- 
mittees », the organisation and privileges 
of which are set forth in Regulation 
No. 7.and in the General Service Order 
No. 204. These institutions contribute 
very happily to the increase of the inte- 
rest of our servants in the undertaking. 


B. The juridical situation of the staff 
with regard to the Administration, its 
duties and its rights, in particular wages, 
are regulated in the Federal law, already 
cited, on the status of the staff. This 
provides, in its art. 65, for the institu- 


tion of a « Committee of Parity », an . 


exclusively consultative body, of which 
the President and the half of the mem- 
bers and deputies are nominated by the 
Federal Council, the other members and 
deputies being designated by the staff, 
not only of the Federal Railways, but of 
all branches of the Federal Administra- 
tion. The functions of the Committee of 
Parity are defined in Art. 66 of the said 
law, to which we beg to refer. 


C. Since the month of May 1924 we 
have been publishing, in the three natio- 
nal languages, a « Bulletin des CFF » — 
« SBB-Nachrichtenblatt » — « Bollettino 
delle SFF » (Bulletin of the Federal Rail- 
ways), a monthly organ which is distri- 
buted free to all the staff. Its purpose 
was defined in these terms in the first 
number : 


« The Bulletin is, in the first place, 
intended to inform the whole of the staff 
of the Federal Railway Administration 
regarding the working of the most im- 
portant undertaking in our country. It 
will supply to the managing organisa- 
tions of the Administration the possibili- 
ty of showing the staff the economic 
conditions under which the undertaking 
is obliged to work, of leading it to a 
better conviction. of the utility of the 


methods by which the Administration 
seeks to attain its end, of strengthening in 
it the sentiment that thoughtful and per- 
severing efforts are indispensable to the 
prosperity of the Federal Railways. But, 
and we insist on this point, the Bulletin 
must also be a constant source of pro- 
fessional instruction and improvement. 
Technical questions of every order will 
be treated exhaustively therein; regula- 
tions and instructions will be explained 
with care, innovations, explained in de- 
tail, Suggestions tending to simplify and 
to improve the service will always be 
welcome. » 

The columns of the Bulletin are open 
to the staff, and payment is made for arti- 
cles worthy of being published. 


D. The interest of the staff is, again, 
indirectly stimulated by various social 
provident institutions of a very well de- 
veloped kind, to which the Administra- 
tion contributes financially in very large 
measure. The chief are the pension and 
assistance fund, the sickness insurance 
fund and the accident insurance. 


E. Numerous institttions have as 
their object the facilitation of the work 
of certain categories of the staff. We 
cite, in particular : the canteens, where 
complete meals are served; bars for re- 
freshments, food, milk and non-alcoholic 
drinks, kitchens where the workmen can 
warm up the food they bring with them 
lo work; cooking apparatus which the 
Administration places, with the necessa- 
ry service, at the disposal of the con- 
struction and permanent way main- 
tenance staff for the preparation of their 
food; clothes drying arrangements; 
baths, showers and lavatories; reading 
rooms. s 

In the same order of ideas, we must 
also mention the distribution to certain 
categories of the staff of non-alcoholic 
drinks during the fine season, and hot 
drinks in the winter. 


F. Finally, we Have to cite the insti- 
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futions of an economic nature, as foll- 
ows, for the welfare of the staff : 


1. Service dwellings are allotted, for a 
modest rent, to a large number of offi- 
«cials, clerks and workmen in the station 
service, the permanent way maintenance 
and supervision service, and in the 
hydro-electric plants. 


2. The Savings Bank of the Federal» 
Railways, (Instructions No. 24) and the 
deposit accounts (c. g. s. No. 48/1927) 
offer to the staff appreciable financial 
advantages. 

The savings bank offers him a safe 
investment, on good terms, for his sav- 
ings. The depositors can make regular 
lodgments therein, kept back from their 
monthly wage, and also voluntary depo- 
sits. They can effect withdrawals at 
any time. The financial advantage, for 
the depositors, consists of the fact that 
this bank allows an interest higher (by 
about 1/2.%) than the rate of the can- 
tonal banks. 

The deposit accounts offer to the staff 
the possibility of investing their savings, 
for three years firm, at a rate of interest 
still higher than that of the savings bank. 

The development which these two ins- 
titutions have assumed by this date au- 
thorises us to claim that the staff has 
recognised their advantages, and that 
they have attained their end, which is 
to stimulate the spirit of economy. 


3. With regard to housing, the Admi- 
nistration assists the staff : 


a) by granting, from its own capital, 
mortgage loans at low rates to co-opera- 
tive building societies ; 

b) by individual mortgage loans to 
railway servants, from the capital of the 
pension and assistance fund, for the pur- 
chase or building of houses, which must 
not, however, comprise more than three 
suites of rooms. 

The article, « Institutions in favour of 
the staff of the Swiss Federal Railways », 


which will be found in No. 5 of the Bul- 
letin of the CFF for May 1925, contains 
some détailed particulars of a part of 
the institutions of which we have just 
spoken. 


THIRD PART. 


In the course of the last seven years, 
we have succeeded, notwithstanding a 
very heavy increase of traffic, in reduc- 
ing the number of our staff from 40 000 
to 33 000 men, in round numbers. This 
alone is a testimony to the intelligent 
co-operation rendered by the staff to the 
Administration in its efforts to increase 
the output of work, and thus make ope- 
ration more economical. It is true that 
the introduction of electric traction has 
contributed in a large measure to this 
reduction of staff. But in a general way, 


- it must be said that all classes of em- 


ployees are animated by good will in 
carrying out the rationalisation of the 
undertaking. It is incontestable that un- 
der the menace residing in automobile 
competition, the staff has still better 
appreciated the necessity of affording us 
their collaboration. 

With regard to wages, we must say 
that the Swiss Federal Railways are of 
the number of railway undertakings 
which, in proportion to the cost of liv- 
ing, pay very high wages and salaries. 
It is very probably we who, of all the 
railway administrations on the European 
Continent, pay certain categories of staff 
the best. Of late years we have been 
inspired by the axiom: « We want a staff 
limited in number, but in return well 
paid ». 

In our management report for the 
financial year 1927, we have expressed 
this thought in the following terms: 


« The careful delimitation of the field 
of activity of the various services repre- 
sents, in an economic organism as com- 
plex as that of a railway undertaking, an 
indispensable condition for the uniform 
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and fruitful collaboration of all the offi- 
cials and workmen; it is also necessary 
for the simple and even working of the 
business. However, good regulations do 
not alone suffice. The success of any 
organisation depends, in the end, always 
on the quality of the staff. Now, the ad- 
ministration will only possess a capable 
body of officials if it can offer them 
favourable terms of engagement, pay and 
promotion. 
of the competition we have to meet from 
other forms of transport, it is necessary 
for us to be able to employ only a small 
staff. In the administrative service, the 
number of employees required will be 
the smaller the more completely we 


succeed in avoiding duplication of work, 
in regulating the service in a simple 
manner, and in getting each official to 
bear his’ share of responsibility. By 
accentuating the responsibility of those 
who direct the services, whatever be the 
rank of these chiefs, we shall also deve- 
lop in them the sentiment that all work 
must tend to the maximum output, which 


_in these days is an absolute necessity. » 
But to arrive at this in face ~ 


We take leave, for the rest, to refer to 
this Management Report for 1927. 


Berne, 20 October 1928. 


General Management of the 
Federal Railways. 
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APPENDIX 4, 


Abstract of made to the detailed questionnaire 
by the 


Czecho-Slovakian State Railways. 


Essence of Question XV. 


The result of any enterprise depends, 
above all, on three elements, viz : 

a) on the manufacturer (the owner of 
the enterprise) ; 


b) on the employees; 
c) on the consumers (the public). 


Ad. 1. The manufacturer is the crea- 
five force. He founds the enterprise, 
determines the locus, the extent and di- 
rection and all the details of the under- 
taking’s activities; he provides the ne- 
cessary capital; if occasion arises he 
gives up the enterprise. 


Ad, 2.. An element not less important 
is constitued by the work-of the em- 
ployees, the quantity and the quality of 
this work; in the preparation of estimates, 
the human factor certainly forms a 
variable element, representing sometimes 
the greater part of the cost, and else- 
where, if need ‘be, only an insignificant 
percentage; but even in such cases the 
activity of the employees exerts a direct 
and indirect influence on the other ele- 
ments. 


Ad. 3. The consumer co-operates to 
a notable degree in the establishment of 
the selling prices, and has a great in- 
fluence on the output of the enterprise, 
and consequently on the extent of its 
activities; as a consequence, apathy in 
public consumption, caused frequently 
by factors quite independent of the un- 
dertaking insufficiency of incomes,. po- 
litical conditions, etc.) may completely 
annul the profits of the enterprise; while 
on the other hand a good appreciation 
of the products may have as-a conse- 


quence a larger output, higher prices and 
consequently a greater profit, in the ac- 
quisition of which the two first-named 
elements have had no credit. Of course, 
we must not lose sight of the fact that 
precisely one of the duties of the under- 
taker is to understand the consumer and 
to exert his influence on him in the inte- 
rests of the undertaking. 


According to the programme drawn 


- up, it is in the first place the servants 


of the undertaking who are of interest 
to us. These latter must before all 
possess aptitude, and, secondly, good 
will to work to the best advantage. With 
regard to good will, we will speak of this 
anon; the question of the employee’s 
aptitude. is outside the scope of this 
question; we will suppose that if exists. 
In order that the employees may be cap- 
able of accomplishing their work, it is 
necessary to see to this both at the time 
of their admission and at thé time of 
their initiation and subsequent instruc- 
tion, and in addition at the time of the 
allocation of certain employees to cer- 
tain tasks. Here there also comes into 
question the care with which the admi- 
nistration of the enterprise must proceed 
in seeking the most efficient method of 
working and in teaching it to the staff- 
(System of methods of working, study 
of economy of movement.) 

The three elements which we have just 
enumerated have each their own interest 
for the enterprise. 

For the owner, this is the largest pos- 
sible profit, therefore the reduction of 
general charges and high selling prices; 
for the staff, stable employment and high 
remuneration for their work, and for the 
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consumer, low selling prices for a pro- 
duct of good quality (workmanship). 
The interests of these three elements 
are obviously for the most part diametri- 
cally opposed to each other; and never- 
theless it is necessary that not only the 
employees, but also the other factors, 
should show good will towards the en- 
terprise, the good will of which we have 
spoken above, and without which the 
enterprise could not respond to the best 
advantage to the individual interest of 
this or that element. In order that all 
the elements may have this conscious- 
ness, and consequently this good will 
towards the enterprise, it is necessary 


that the interests of these three elements - 


should not be opposed, but that they 
should be brought into agreement, and 
it is just one of the main tasks of the 
directing factor of the enterprise to do 
this; from this task in born the « public 
service », From this point of view, or- 
ganisation as a special branch of -the 
service is a great aid to the undertaking. 

The organisation of the enterprise has, 
in principle, two main tasks, viz. : 


1. to establish a basis for the working 
in common of a greater number of units, 
a basis permitting and having as its ob- 
ject the avoidance of mutual hindrance 
in the work of different units, but on the 
contrary the making of these mutually 
complementary in an effective manner 
~~ in a word to permit the employees 
to work in a suitable, economical and 
satisfactory manner, and 


2. to see that the employees in fact 
utilise these possibilities and work effi- 
ciently, in other words to see that-the 
organisations are constrained to work 
automatically, efficiently, economically 
and well — that is, as demanded by the 
interests of the undertaking. 


' The organisation will also co-operate 
in many respects to regulate relations 
with the consumers (the public). As 
regards this question, we will revert to 
it later, if occasion arises, 


What is of primary interest to us is 
the point (2) mentioned above. Here we 
are of opinion that the organisation must 
bring into line the interests of the owner 
and the interests of his servants ; it must 
above all see to the elimination, as far as 
possible, of causes of disagreement, and 
act so that the accomplishment of the 
duties of the employees shall be in direct 
correlation with the realisation of their 
personal interest. This interest may be 
negative or positive, i. e. the employee 
may work because it is in his interest to 
avoid penalties, or he may work to ob- 
tain some advantage, either moral or 
pecuniary. In the past, the negative inte- 
rest was mainly counted on; if occasion 
arose, the positive moral interest; strict- 
ness - displayed towards. the employee, 
ihe menace of a penalty, perhaps even of 
dismissal, confidence in the conscience 
of the employee and the honorific cer- 
tification of his work, were the ruling 
ideas in this direction. . Pecuniary re- 
munerations themselves were imprinted 
with the character of an honorific dis~ 
tinction. On the contrary, our material 
age, also the conditions around us cons- 
train us to assume for the employee, in a 
large measure, his positive interest, i. e. 
material interest, and further, or more 
exactly as a consequence, to aim more 
energetically also at this direct correla- 
tion between the result of the work and 
the advantage obtained by the em- 
ployee. This, therefore, is a very im- 
portant task of organisation — to esta- 
blish an arganising principle, that is, the 
manner in which we bring into the en- 
terprise the personal interest of the em- 
ployee, in ‘direct correlation with the 
effect of his work, or, in other terms, in 
which we interest the employee in the 
success of the enterprise. Further, the 
organising principle may also intervene 
in the regulation of the relations between 
the undertaking and the consumer (the 
public). | 

The methods by which different or- 
ganising principles seek to attain the 
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object aimed at may be various, for 
example : 


a) discipline (this alone is inadequate 
in the present times); piece, work, rew- 
ards, honorary certificates, improved so- 
cial position, high wages, etc., regular 
and independent in general or depending 
indirectly on the work done, methods 
which are of a primitive character and 
must not be introduced exclusively, but 
to which accessory recourse can be had; 


b) mechanical system. In the pro- 
gress of the work, the main role is play- 
ed by machines; the machines accomp- 
lish the greater part of the work, set the 
pace for the work, and the human work 
done depends on the output of the ma- 
chines; 


¢) piéce work system, in which the 
employee obtains only the equivalent of 
the work effectively and well done, 
without having the guarantee of a mini- 
mum or firm remuneration; 


d) premium system. The agent gets 
his pay, calculated for an average 
amount of work done, and further, he 
obtains for a surplus of output a pre- 
mium directly proportional; 

€) system of participation in the total 
gross receipts. The employee gets a fix- 
ed wage, and has, in addition, a fixed 
quota of all the gross receipts not ac- 
quired directly by him. This system 
is only suitable in exceptional. cases; 


f) profil sharing system. The em-- 


ployee, in addition to his pay stipulated 
elsewhere, participates in the profit to 
a predetermined extent. A difficulty 
arises with regard to the sharing of the 
profit, from fhe fact of a claim which 
is, moreover, just : the employees ask to 
be allowed to verify the amounts and 
the calculation of the profit, etc.; fur- 
ther, it is nearly impossible to obtain a 
direcl relationship between the picduct 
of the work and the quota of profit; 


g) system of contract work, in which 
the whole of the enterprise is split up 


- prise. 


into a predetermined number of lesser 
units, composed of several employees, 
whose task is identical and forms a dis- 
tinct part of all the task of the enter- 
Each unit mentioned represents 
an independent contractor, and keeps its 
accounts in an autonomous manner. Its 
task must be limited and determined be- 
forehand. 

The activity of the undertaking must 
be fully covered by its distribution 
amongst the units mentioned; the units 
proceed reciprocally to the evaluation of 
their outputs, so that the units whose 
account is charged check automatically 
and in their own interest the units 
charging to their account. Each unit 
establishes its balance sheet indepen- 
dently, and fixes its net profit, which is 
shared by the members of the unit in 
question after various deductions. The 
contractor carries to the account of all 
the units the equivalent of his activity 
as regards the enterprise, in particular, 
thus, the interest on the capital involy- 
ed, and participates to the extent of a 
fixed quota in the profits of the units. 

This system implies the closed con- 
nection between the employee and the 
enterprise, for the employee participates 
both in the profits and (at least in a 
certain measure) in the losses of the 
enterprise, or of the unit, of which he 
forms a part, and his interest is that not 


-only himself and his collaborators shall 


obtain the maximum production, — but 
also that the general and other establish- 
ment charges shall be as low as possi- 
ble; it is even also in his interest that 
the enterprise shall be occupied in a uni- 
form, constant and, satisfactory manner. 
The advantage presented by this system 
resides above all in the fact that it is 
not one-sided like the other systems, but 
takes into consideration not only what 
the employee has accomplished, but also 
if he has omitted to foresee anything or to 
prevent anything not merely as regards 
his own work but also that of his com- 
rades. Thus there are set in opposition,, 
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not the interests of the contractor and of 
the employee, but the interests of the 
different employees, solely regulated by 
the contractor, and, in sum, concordant 
with his interests, which renders it pos- 
sible to obtain a rapid, effective, mutual, 
cheap (it may be said) automatic check 
on everything taking place in the under- 
taking. 

From the interpretation of these fun- 
damental systems and from their adap- 
tation to concrete conditions there result 
still other systems, responding, however, 
io some of the principles mentioned 
above. The exclusive employment of a 
single system would not be practicable; 


on the contrary, we know that various - 


establishments always apply in principle 
a single system as the main and controll- 
ing one, while the other systems com- 
plement the main system and support 
the main system in particular where the 
controlling system is inadequate. So 
far as concerns the railways specially, it 
is necessary to recognise that they form 
enterprises so vast and so heterogeneous, 
by the diversity of their various bran- 
ches of service, that a single system 
would hardly suffice; for this reason it 
will be necessary to employ several sys- 
tems, according to the exigencies of this 
or that class of work. 


Measures contemplated for the future. 


While fully recognising the advantages 
and importance of the contract system 
of working (see above under ad. g), we 
must admit that the complete applica- 
tion of this system necessitates a long 
evolution, and that consequently it is 
necessary to he satisfied temporarily 
with the application of other methods 
which are much more simple. 

_ However, in principle, we are of 
opinion that it is precisely the railways, 
which cannot fully avail themselves of 
the advantages resulting from the free 
fixing of selling prices, or, as the case 
may be, from their position of monoply, 


and which are consequently the more 
dependent on the official rates and on 
the costs of production — it is precisely 
the railways, we repeat, which cannot 
neglect the establishment and putting 
into effect of a principle of organisation 
which is. advantageous for their work. 

It is in this sense that we consider 
as the most advantageous the mechani- 
eal system, the piece-work system and 
the premium system, which systems 
should be supplemented as may be re- 
quired by lump sum payments and bo- 
nuses. 

With regard to the premiums, we pro- 
pose to introduce specially, or as the 
case may, be to improve the premium 
system, paying : 


a) for savings in time realised by 
intensive output, i. e. for the increase 
of the quantity of work furnished, pre- 
miums for rapidity; 


b) for the improvement of the quality 
of the work, premiums for quality; 


c) for economies in material, plant, 
mechanical energy, etc., premiums for 
material; 


d) for the. economical circulation of 
yehicles and-the rational utilisation of 
ihe floor area and capacity offered, pre- 
miums for utilisation of rolling stock. 


Idea of modern capitalism, ’ soi-disant 
the most rational. 


The principles of modern capitalism : 

« Short duration of work, high wages, 
intensive output of work » — must be 
judged from the angle of the output of 
the undertaking. For this reason, their 
application must be studied in a precise 
calculation, with the object of not load- 


ing the expenses of the undertaking with — 


a disproportionate increase of the char- 
ges relating to labour, while of course 
taking into-account any increase in out- 
put. These principles, therefore, can 
only be applied in so far as the increase 
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of expenses due to shorter working 
hours and higher pay may be at least 
compensated for by a higher efficiency 
and better output of work. 

However, the practical application of 
these principles depends on the whole 
of the economic conditions. 

As to our opinion on industrial affairs 
considered as a « public service », we 
may add the following : 

We have already declared above that 
the prosperity of an enterprise depends 
not only on the undertaker and the eni- 
ployee, but also on the consumer. It is 
consequently advantageous for the en- 
terprise if the contractor knows how to 
bring into accord the interests of the 
undertaking and the interests of the con- 
sumer, which is just what constitutes 
the essence of a public service. This 
fact will clear up the old disputes bet- 
ween capital and labour; these two fac- 
tors must be, in reality, excluded from 
the distribution of the profits whith 
returns to the consumers, i, e. to the 
public; they have only a right to a re- 
muneration representing the equivalent 
of their merit in the prosperity of the 
undertaking. 


We recognise this theory as just, for, 
even if the profit be absorbed by the 
cost of production, the output, and the 
prosperity of the undertaking are in- 
creased, the selling prices are lowered 
and the whole level of existence is im- 
proved. Of course, full success can 
only be expected from the general intro- 
duction of this principle. 

In railway enterprises, this principle 
is theoretically applicable as in any 
other enterprise. In the State railway 
enterprises, the profits of which are 
paid wholly or partly into the coffcrs 
of the State, the « public service » is 
already realised in a certain measure, 
that is, indirectly, since the receipts of 
the State arising from the railway pro- 
fits reduce the burden of taxation. Of 
course, the « Ford service » has, as its 
object, to advantage the consumers direct- 
ly, and it would certainly be preferable 
for railway enterprises to devote a pre- 
determined part —— non-facultative — of 
the profit to the direct interest of the 
public —- we mean to measures aiming 
at the improvement, acceleration, gre- 
ater safety and more economical work- 
ing of the railway service. . 
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APPENDIX 5. 


Abstract of made to the detailed questionnaire 
by the 
Bulgarian State Railways and Ports. 


Reply to the 2nd Part (final). 
The interest of the staff in the results 
of the enterprise has sensibly increased 
at the same time as the sense of the 
public interest has developed in the em- 
ployees. Otherwise, thanks to certain 
bonuses, emulation to carry out work 


with more intelligence and _ initiative. 


has been developed. Clerk, artisan and 
labourer continually take more account 
of the aims and intention of the under- 
taking. They become continually more 
capable of a better understanding of the 
efforts of the managing staff towards a 
rationalisation of the enterprise, accord- 
ing to scientific methods and taking into 
account local conditions and material 
possibilities, which fact contributes to 
the better development of the enterprise 
and the increase of its profits, also of 
the services rendered to private citizens 
and to the national economy. 


Reply to the 3rd Part. 


Experiments made, and experience ac- 
quired in practice, have shown that the 
more accentuated tendencies, particular- 
ly since the war, of modern capitalism 
towards rationalisation, i. e. towards the 
realisation of economic order, promise 
a favourable solution of the grave ques- 
tions such as the crises and the social 
question which, during the second half 
of the XIXth and the beginning of the 
XXth century, have agitated the political 
and business worlds. If, at first, ait 
anomaly appears in the laws of nature 


and above all in those of social and eco- 
nomic life, this anomaly tends usually 
to disappear as soon as the essence of 
such law is investigated. 

Now, to-day it seems more and more 
clear that the tendency of modern capi- 
talism is to abandon the accumulation 
to its exclusive advantage of large profits, 
and, under the influence of the new 
theories, to take into consideration, as 
the object of industrial enterprise, thé 
public interest as well, and this tendency 
conduces to a more sincere co-operation 
between capital and labour. 

From these two ideas, rationalisation 
and co-operation, there must result high 
wages for the staff, but very intensive 
work and short working days, which 
will have as an inevitable consequence 
a more devoted activity on the part of 
the staff, and simultaneously a reduc- 
tion of cost prices. 

The Management of the Bulgarian 
State Railways considers that the inte- 
rests of capital, labour and the public 
are at bottom identical. The new con- 
ception of industrial enterprise in the 
sense of « public service » must above 
all find its application where the rail- 
ways belong to the State and are, in a 
small country, the largest enterprise. 
Outside of their methodical develop- 
ment, of the great services which they 
will render to the nation, they will at 
the same time be able, in a small count- 
ry, to serve as an example for the popu- 
larisation of these ideas in the world 
of business, and their progressive appli-- 
cation. 
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REPORT No. 5 


(Germany) 


ON THE QUESTION OF LOCOMOTIVES OF NEW TYPES; IN PARTICULAR 
TURBINE LOCOMOTIVES AND INTERNAL COMBUSTION MOTOR LOCOMO- 
TIVES (SUBJECT V FOR DISCUSSION AT THE ELEVENTH SESSION OF 
THE INTERNATIONAL RAILWAY CONGRESS ASSOCIATION) (+) (7), 


By Profe-sor NORDMANN, 


Reichsbahnoberrat, Headquarters of the Deutsche Reichsbahn Gesellschaft 


(German State Kailway Company). 


Figs. 1 to 31, pp. 262 to 305. 
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(?) Translated from the German, 
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I. — Introduction. 


The reciprocating locomotive in use on 
the Deutsche Reichsbahn has, during the 
last few years, attained a high degree of 
thermal efficiency as a result of detail 
improvements, notably by increasing the 
superheat. These improvements have 
not received sufficient appreciation in 
comparison with other constructional de- 
tails which are all the more welcome 
because they have been introduced wit- 
hout modification of arrangments proved 
in the course of working and main- 
tenance. Concurrently with the develop- 
ment of locomotives of normal design, 


many large Railway systems have not 


neglected the production of locomotives 
designed to give improved thermal re- 
sults. 

Railway Administrations are much 
more willing to undertake the tests of 
such locomotives, when they possess a 
well organized test department, which is 
able to analyse in detail the economy and 
the working control of such engines and 
with the knowledge gained, to envisage 
the possibilities of the development, not 
only of the complete locomotive but of its 
component parts. The Deutsche Reichs- 
bahn, among others, has not omitted to 
undertake the building and test on a large 
scale, of turbine, high pressure and Die- 
sel locomotives. The design of these lo- 
comotives will be described in the fol- 
lowing pages in the order of their con- 
struction. 


Il. — The turbine locomotive. 
4. — General. 


The turbine and the high pressure lo- 
comotives carry over from the locomo- 
tive of regular design, the utilization of 
steam as the working medium for the 
thermal processes, 


One can deal with the heat gradient of 
the reciprocating locomotive, which in 
late years attained remarkable results 
owing to increase in the superheat, in 
two ways. Either one can utilize. the 
lower limit of the heat and pressure gra- 
dient to the point of condensation, or in 
the other direction, one can extend the 
heat gradient upwards by increase of 
pressure extending into the region of 
so called high pressure or further still 
to pressures which ‘are far above those 
used in the normal locomotive boiler. 
The former path leads towards the tur- 
bine locomotive, the latter towards the 
high pressure locomotive. Finally both 
objects could conceivably be reached by 
a combination consisting of a high pres- 
sure turbine condensing locomotive. 

The turbine locomotive owes it origin 
to the fact that it is almost impossible 
to obtain a sufficient reduction of steam 
pressure in the reciprocating locomotive. 
In order to extend the steam diagram 
sufficiently, the size of the low pressure 
cylinder must be so enlarged that it can 
no longer be kept within the limits of 
the loading gauge, besides which such a 
large cylinder would call for heavy gear 
and would cause resistance at starting. 

In contradistinction to the recipro- 
cating locomotive, the turbine locomotive 
is remarkable because it permits of the 
expansion of the steam by easy stages to 
the condenser pressure, so that it opera- 
tes in the region of low pressures with 
better thermo-dynamic results. In this 
direction, the good thermodynamic re- 
sults of the reciprocating locomotive 
working in the region of the higher pres- 
sures have been taken advantage of by 
the Reichsbahn in a very interesting ex- 
periment in the course of which a tur- — 
bine was installed behind an ordinary 
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reciprocating engine using the normal 
boiler pressure the turbine being so ar- 
ranged as to drive some of the axles of 
the tender. 

One must not expect such a great ad- 
vance in efficiency from a condensing 
locomotive as compared with a simple 
locomotive using similar pressure and 
superheat, as has been possible in sta- 
tionary engine practice. The turbine lo- 
comotive, because of the condensation of 
its steam and the resulting absence of 
its blast pipe, cannot obtain the high 
steam output from its boiler, unless a 
special auxiliary is provided, such as a 
fan to blow up the fire. No such auxil- 
lary, with its consequent steam and coal 
consumption is necessary with the nor- 
mal locomotive having exhaust to atmo- 
sphere. 

Moreover the extraction of the heat 
from the condenser calls for arrange- 
ments to cool the circulating water, which 
‘in practice usually consists of one or 
more steam driven turbine fans. It is 
also impossible to raise such a high vac- 
uum as is the case in fixed power sta- 
tions, if as in the case of the Zoelly en- 
gine, the condenser is cooled by water 
(evaporative cooling) with only restrict- 
ed water storage capacity, or as in the 
case of the Ljungstrém engine, the con- 
denser is air cooled. 

The first two large locomotives built 
for test purposes were, as is well known, 
the Swedish engine designed by Ljung- 
str6m and the Swiss Zoelly design. 
Desiring to build a turbine express loco- 
motive, the Fried. Krupp Company ap- 
proached the Reichsbahn, with an offer 
to build such a locomotive on the Zoelly 
system of which they were the licensees. 
The Reichsbahn agreed to the building 
of the locomotive and gave the Zoelly 


system the preference over the Ljung- 
strom system which it had already in- 
vestigated. 

The Ljungstrém design in which the 
boiler carriage is pushed in front of the 
engine does not appeal to German ideas 
as being perfectly safe when rounding 
curves at high speeds. 

The position of the condenser on the 
tender is necessary because in order to 
avoid the large flexible vacuum connec- 
tions which are difficult to keep tight 
both turbine and condenser must be car- 
ried on the same vehicle. Further the 
various flexible leads for the various! 
high pressure and superheated steam 
services for the driving tender, which 
are peculiar to the Ljungstrém locomo- 
live, appeared liable to fracture by fat- 
igue. 

Another feature that weighed against 
the Ljungstrém design was that the 
costly gearing had, when reversing, to be 
unmeshed and reinmeshed and might 
well be damaged during the process. 

Finally in consequence of air cooling 
the vacuum was to a much greater ex- 
tent dependent on atmospheric condi- 
tions than would be the case with a wa- 
ter cooled (evaporative) condenser. 

The choice of an express locomotive 
as the type to be used for experiment, 
was decided on after the possibilities of 
the development of the turbine locomo- 
tive had been already shown as a result 
of the trials of the first large locomoti- 
ves, because an express engine implies 
a locomotive of large size, which would 
provide a more reliable object lesson in 
the matter of accurate consumption 
measurements as well as practical work- 
ing statistics for coal consumption, than 
would be the case with a small engine. 


Secondly there was the weighty argu- 
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ment that the express locomotive makes 
fewer stops in everyday working than 
either a passenger or goods engine. The 
turbine locomotive has, as the Reichs- 
bahn experiments showed, a really good 
starting torque, but the increase of speed 
is not, as in the case of a reciprocating 
engine, accompanied by a steam con- 
sumption rising in proportion to the in- 
erease of speed, but by a consumption 
of steanr at low speeds, based on the flow 
through the turbine nozzles. These un- 
favourable peculiarities do not show up 
so much in the case of an express engine 
which from the nature of its duties does 
not have to get up speed so frequently. 

There is also the further fact that the 
auxiliaries of the turbine locomotive, 
such as those which maintain the vac- 
uum in the condenser during the stop- 
pages of the main turbine, must be kept 
at work so that the necessary vacuum 
shall be available for a resumption of 
travel under steam. This unfavourable 
influence from stops is not so prominent 
in the case of a locomotive working a 
service calling for very few stops. 

The second turbine locomotive, that 
built by Maffei of Munich for the Reichs- 
bahn, is not fitted with a Zoelly turbine, 
but is of the same general design with 
turbine condenser and cooling tender 
and is likewise an express locomotive. The 
turbine driven tender was built for the 
Reichsbahn by Henschel, of Kassel, at- 
tached to an existing reciprocating loco- 
motive and has in its turn a Zoelly tur- 
bine. Here we are concerned with a 
passenger locomotive, but as a conse- 
quence of the large share of the power 
provided by the reciprocating engine, 
the raising of speed and the number of 
stops do not play the same role as in the - 
case of a pure turbine locomotive. 


ee 
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Fig. 14. — View of the Krupp turbine locomotive. 
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9, —. The Krupp-Zoelly turbine 
locomotive. 


The Krupp turbine locomotive (fig. 4) 
was designed with the object of effec- 
ting a saving of at least 12 % as compar- 
ed with the P 10 (2-8-2. 3-cylinder lo- 
comotive). The 2-8-2. was at that time 
the latest design of the Reichsbahn for 
heavy passenger and express train ser- 
vice; it was reckoned as very efficient 
and its consumption was known as being 
satisfactory. 


2 a. — Boiler of the turbine locomotive. 


The boiler of the turbine locomotive 
(fig. 2) shows the normal locomotive 
boiler; it is fitted with the usual grate 
with a dumping section. The most im- 
portant difference appears in the smoke 
box, especially because it has been neces- 
sary to fit a suction fan owing to the 
absence of the exhaust and blast pipe. 
The fan is fitted in the same way as that 
on the Swiss turbine locomotive and is 
housed in a parabolic extension of the 
smoke box door, the door hinges serving 
as hinges for the steam and exhaust leads 
of the fan turbine. A further difference 
lies in the provision of an air preheater 
by combustion gases in the smoke box 
and lastly in the small auxiliary chim- 
ney built in a housing with the main 
chimney and which by means of a small 
auxiliary blast pipe, permits of the fire 
being blown up without the necessity of 
putting the fan in operation. 

The boiler barrel differs only slightly 
from the normal design owing to the 
provision of a small steam generator 
which is installed in the steam space in 
the shape of a second steam dome. This 
small generator serves to make up the 
Joss of feed water due to leakage as well 
as for the provision of steam for train 
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Fig. 2. — Longitudinal section of 4-6-2 turbine locomotive. 


Fig. 3. — Driving gear of Krupp turbine locomotive. 


heating. The superheated steam lost to 
atmosphere through leakage from the 
system must be replaced, not from the 
valuable pure water in the circulating 
system but from the raw water taken 
from the tender. The small generator 
is fed by a small automatic steam pump 
which continues to pump until the pres- 


sure in it stands at 4.5 atmospheres’ 


(64 Ib. per sq. inch.), the pump then 
stops and only restarts when the press- 
ure falls. The steam from this auxil- 
iary generator can be passed through the 
steam heating system or it can be turned 
into the condenser from which on being 
condensed it returns to the boiler to nrake 
up loss. . 
This pure water circuit is undoubtedly 
an important advantage of the condens- 
- ing turbine locomotive. It ensures the 
freedom of the heating surfaces from 
scale, and permits elimination of the 
usual washing out, which need only be 
carried out when stopped for some time, 
so that the resulting breaks in service 


and wages costs are saved. A further 
welcome result will be met.with in the 
course of discussion of the trials. 

The superheater of the usual pattern 
also supplies the auxiliaries with super- 
heated steam. 


2b, —- Briving gear, main turbine and 
condenser. 


The turbine locomotive has the usual 
Reichsbahn bar frames, which are car- 
ried at the front end on a four wheeled 
bogie and are supported at the trailing 
end behind the three coupled axles by 
an Adams radial axle (fig. 2). \On ae- 
count of the high revolution speed of 
the turbine the diameter of the wheels is 
kept proportionally low, being 1.65 m. 
(o ft. 5 inch.). The main turbine, a 
double turbine of which the forward 
turbine is for obvious reasons’ most 
highly developed, lies with its gearing 
and lay shaft almost over the center of 
the bogie and drives the coupled wheels 


by means of connecting rods (fig. 3). 
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The exhaust steam from the turbine pas- 
ses to two transversely placed surface 
condensers which lie in front of the first 
and second coupled axles between the 
bottom of the boiler barrel and the top 
of the frames. The output of the for- 
wards turbine is controlled by the open- 
ing or closing of large or small nozzles 
which were originally calibrated to pass 
4000 and 8000 kg. (8 820 and 17 640 Ib.) 
of steam per hour respectively but were 
subsequently altered to pass 3000 and 
6000 kgr. (6615 and 13 230 Ib.) after it 
had been shown in the first trials that 
a total delivery from the boiler of 
12 000 ker. (26 460 Ib.) per hour for both 
nozzles was too large for the heating 
surface. The reversing turbine has on- 
ly one nozzle. The nozzle stop valve was 
at first worked from the footplate by 
means of a servo-motor but this arrange- 
ment was changed subsequently and a 
thrust-free hand gear substituted. The 
turbine can be worked under full nozzle 
pressure with three different deliveries 
representing 3.000, 6000 and 9000 ker. 
per hour (6615, 13230 and 49 840 Ib. 
per hour) for the two nozzles together; 
other deliveries are obtained by thrott- 
ling by the regulator. The forward and 
reversing turbines work in separate cas- 
ings. The toothed wheel gearing has 
diagonal teeth and are made from spe- 


-cial Krupp hard steel. Lubrication for 
the turbine bearings, gear shafts as well 


as the teeth of gears is supplied by a 
gear oil pump, which il placed on the left 
side of the machine and is driven directly 
from the first gear shaft. The friction 
heated oil is passed through an oil cooler, 
which is supplied with cooling water from 
the water circulating pump. The front 
condenser is connected with the turbines 
by a bracket through which part of the 


steam from the working turbine passes to 
the condenser while part passes to the con- 
denser by way of the idling turbine. At 
a later date the forward turbine was en- 
tirely cut off from the reversing turbine 
during forward running (see 2e). The 
steam which has not been condensed in 
the forward condenser passes on through 
the connecting tubes with the air to the 
second condenser. On account of the 
greater cooling output of the forward 
condenser the circulating water passes 
through it first and thus presents the 
coldest surfaces to the incoming steam. 
Easy access is obtained to the condenser 
tube blocks by the removal of the end 
covers, and the tubes which are easily 
changed are made tight in the plates by 
ferrules. 

The condenser is made in two parts 
for constructional reasons. 


2c, — Auxiliary machinery, 


The necessary pumps are assembled in 
one pump group which lies immediately 
behind the second coupled axle. A steam 
turbine drives through triple gearing, 
the circulating pump for the cooling wa- 
ter, the boiler feed pump and the air 
brake compressor. The feed pump is of 
the differential piston type, the circulat- 
ing pump is centrifugal. 

The water delivered by it does not on- 
ly supply the cold water circulating sys- 
tem but also supplies a jet air pump, 
the pressure water for which in order 
to be as effective as possible is taken di- 
rectly off the pressure main and after 
passing through the air separator of the 
condenser flows back in to the circulat- 
ing pump suction. The jet air pump 
also removes the air from the conden- 
sers. The whole of the bearings of this 
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Fig. 4. — Longitudinal seetion of cooling tender. 
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Fig. 5. — Cross sections of cooling tender. 
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machine assembly are lubricated by a 
common oil pump. The exhaust from the 
driving turbine is passed to the conden- 
ser. 


2 d. —- The cooling tender. 


The cooling tender is a somewhat lon- 
ger tender carried on four axles in two 
bogies of normal design (figs. 4 and 5). 
The lower part consists of the true wa- 
ter storage tank, but does not provide 
for the boiler feed in the usual sense; 
the feed water is contained in the pure 
water closed circuit and is in continuous 
circulation. It deals merely with the 
circulating water for the condensers 
which is returned to the tender for cool- 
ing. Only the small quantity of water, 
which is during cold weather used to 
supply superheated steam to heat the 
train or is used in small quantities to 
make up leakage loss, is taken for steam 
raising purposes. There is nevertheless 
quite an appreciable consumption of 
water because the condenser is of the 
film type and cools by means of water 
evaporation. In order that this film shall 
work satisfactorily, a sufficiently large 
wetted surface must be presented to the 
incoming hot cooling water, and the cir- 
culation of air over the cooling surfaces 
must be thoroughly carried on by means 
of a powerful fan. The circulating wa- 
ter is drawn by the pump previously de- 
seribed, through connecting pipes be- 
tween the engine and tender which are 
provided with flexible joints and stuf- 
fing boxes to deal with the longitudinal 
movement and after being again heated 
in the condenser is returned to the ten- 
der through similar leads. The water 
after rising in the large vertical pipes is 
led to the various filming or spraying 


chambers on the tender and enters the 
horizontal distributing pipes, which are 
clearly shown in the elevation (fig. 4). 
These chambers are so arranged that the 
sloping screens which require carefull 
attention in order to prevent blocking 
by dust and cinders are easily accessible 
and lie on large numbers of so called 
Raschig rings (small plain cylinders of _ 
sheet aluminium which provide a large 
surface area with comparatively small 
resistance to flow. Aeration is supplied 
by a large fan placed between the cool- 


- ing chambers, which takes its power 


from a steam turbine installed at the 
rear of the tender and is driven through 
the medium of double gearing. The fan 
draws air through the cooling chambers, 
which are connected with the outer air 
by a large number of slits cut in the side 
walls of the tender. These slits are pro- 
vided with small guide vanes which are 
so arranged with reference to the for- 
ward motion of the engine, that they 
impede the entrance of dust and other 
matter into the cooling chambers. The 
fan drives the vapour laden air out 
through the top of the tender, without, 
as is shown by the trials, any tendency 
in winter, for the divided moisture to 
deposit ice on the roofs of the coaches 
directly in rear of the tender. The coal 
space on the tender which is well shown 
in the elevation, is built up to a consider- 
able height but takes up so much space 
in the longitudinal direction that the 
usual sloping floor (to carry the coal 
forward) was in this instance inadmis- — 
sable. ‘ 
The heat exchange chart of the tur- 
bine locomotive is given in figure 6. 
The leading dimensions of the engine 


-and tender are as follows : 


2 


Gauge . 
Permissible maximum Papel . 


Revolutions of turbine at maximum ed ¢ 


1435 mm, (4 ft; 8° 1/2 im.) 


100 km. per hour (62 miles) 


8000 per minute, 


Reduction from turbine shaft to lay shaft . 24.3 to 1. 
Crank cirele diameter . 630 mm. (24 3/4 inches) 
Driving. wheel diameter 1650) 0— (5 it. 5 am,) 
Bogie wheel diameter : ,1 000: — (3 ft, 3-3/8 in.) 
Trailing truck wheel diameter . 1 250° — (cit. 813/16) im.) 
Boiler pressure . 15 atm. (213.3 Ib.) 
Grate area ; : 3.1 m2 (33.4 sq. feet) 
Heating surface of fice Hee J : 12.5 — (134.5 sq. ft.) 
--- — — heater and Specbenton | 142.5 — (1 534 sq. ft.) 
“— — — total exposed to fire . 155.0 — (1 668 sq. ft.) 
mo —  — superheater . 66.0 — (710 sq. ft.) 
eae —  —-exhaust steam heater 8.5 — (91.5 sq. ft.) 
— -.— -— air preheater 32.0 — (344.5 sq. ft.) 
Cooling surface in condenser, brass tubes 15/ i7 
(5/8-11/16 inches). 220.0 m2 (2 368 sq. ft.) 
Water content of boiler with 150 mm. (6 in- 
ches) over crown of fire box . 7.0 m3 (247 cubic ft.) 
Steam content . : 2.4 — (84.7 cubic ft.) 
Steaming area (exposed Bes of ‘inten : 9.5 m2 (102 sq. ft.) 
Boiler : 
‘Length between tube plates. . . . . . 5000 mm. (16 it. 5 in.) 
Diameter... och by Seagal Se came iim 1600 — (5 it. 3 my) 
-30 smoke tubes, Binmictar : oiheh tate 125/133 mm. (4 29/32 -5 1/4 in.) 
BIzSitubes, diameter . .°: 2 2°. 1 el! °45/50- — (1 3/4-1 ae in.) 


- Superlieater, 30 elements 30/38 —. (Lk 3/16-1 1/2) in.) 


Tight weight of engine. . 2... 1. 104.2 t. (102.5 Engl. tons) 
Running weight of engine. - . .. .. . M3. 7 te (111.9 Engl. tons) 
Wheel hase of encindiard Seed $e eho ‘9900 mm. (28 ft. 5 3/4 in.) 
Length over buffers . : 12700 — (41 ft. 9 in.) 
Length of engine and taulaen over hodters car 23 446 — (76 ft. 11 in.) 
Wheel base of engine and tender .. 18 440 — (60 ft. 6 in.) 
Tender : 
Rmneelidiameter: =. G2 4). wk ek BM ws fs 1000 — (3 ft. 3 3/8 in.) 
Retresie ice amen a wate cat ote a7 C00e — (22 ft. 11 5/8 in.) 
PEMerOAPACLUY NS. a cena Ge. Fa. 19.5 m3 (4300 British gallons) 
Roam CADACICYA: shee i A Sty) Res on el ee 65 t. (6.4 Engl. tons) 
Rain OW OLSDG UU ro, aie wa eas Ga 6 ok 40.0 t. (39.4 Engl. tons) 
(65 Engl. tons) 


Same Weil. ssa de yep ee 66.0 t. 


out the fact that there was no difference 
in coal and steam consumption between 

The Krupp turbine locomotive was it and a good reciprocating engine. The 
subjected to a very large number of test Krupp firm thereupon subjected the 
trips. The first, made in 1926 brought complete turbine which had been made 


2 e. — Trials, 
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by Escher-Wyss of Zurich to most care- 
ful stand tests and discovered that the 
reversing turbine needed a very high 
ventilating power, reaching several hun- 
dreds of H. P. and in addition to this, 
the vacuum in which the reversing 
turbine ran, left much to be desired. 
The remedy chosen was to cut off the 


Fig. 6. — Diagram of 15-at. (243 lb. per sq. inch) 
turbine locomotive (Krupp, 1926). 

Eecpianation : U = Superheater.— T = Main turbine. — FT =Blower 
turbine. — PT = Pump turbive (feed-circulation and air pumps). — 
Sp-P = Feed pump. — KT = Cooling turbine ‘tender). — RV = Ex- 
haust gas preheater. — Rost = Grate. — Kessel = Boiler. — Abd.- 


Vorwarmer = Exhaust steam preheater. — Kondensator = Con- 
denser. 


reversing turbine, while the engine was 
going forwards by means of special auto- 
matic valves (Krupp’s Patent) these 
valves being operated by a servo-motor. 
When running backwards these flap val- 
ves were set parallel to the guide vanes. 
The fall in the vacuum after protract- 
ed warming up of the turbine casing 
was caused by a crack in one of the 
casing joints and this was corrected with 
a stud to stop the passage of the steam. 
Only such tests will be described as 
were carried out in 1928 by the turbine 


locomotive after completion of all alter- 
ations. 
The runs were made over the line 
between Potsdam and Burg on the Ber- 
lin-Magdeburg line which is almost level 
and free from curves. As a rule the load 
behind the dynamometer car was pro- 
vided by an express locomotive fitted 
with the counter pressure brake and on- 
ly for specially heavy loads were express 
corridor coaches attached to the ‘test 
train. These well known test methods 
of the Reichsbahn provided extremely 
accurate tests, because with the assistance 


- of the engine used as load, which does 


not during this period use its brake, ac- 
celeration is very rapid and the even 
running speed is very quickly reached. 
The tests were made at speeds of 60, 80 
and 100 km. (37.3, 50 and 62 miles) per 
hour. The comprehensive temperature 
measuring installation of the German 
locomotive dynamometer car proved very 
advantageous in handling the large num- 
ber of temperature readings which play 
such a large role in the analysis of loco- 
motive working. Only a small selection’ 
from among the large number of curve 
charts are given with this paper and such 
as are given were taken at 80 km. (49.7 
miles) per hour. 

The steam consumption per effective 
H. P.-hour at the draw bar hook is shown 
in figure 7. The steam consumption 
does not in view of the use of two nozzles 
show a regular curve as is the case with 
the reciprocating locomotive. 

The steam pressure at the main tur- 
bine and the pressure in the condenser 
are shown in figure 8, At small and 
medium powers with the small and large 
nozzles the full boiler pressure is at- 
tained at the maximum output appertain- 
ing to each nozzle. On the trips with 
both nozzles there was a drop of 5 at- 


Fig. 7. — Total steam consumption per hour and per effective-horse power-hour 
_., at) the same méan speed (V = +, 80 km. =about 50 miles pens hour). - 


Pee inilon of German terms : Dampf{verbrauch kg/Seh = Steam consumption in kgr. per effective horse power 
per hour. — Diise = Nozzle. — Gesamtdampfyerbrauch = Total steam consumption, — Leistung an der Kessel- 
grenze = Power develoyed at limit of boiler capacity, — PSe auf der Wagerechten (Dampf{weg 1. -Zeit) = Effective 
horse power on the level (distance run and time under pressure), 


Fig. 8. — ae eae at main turbine and pressure at condenser for speed of about 80 km. 
me (50 miles) per hour approx. 
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Fig. 9. — Temperature of steam at main turbine for about 80 km. (50 miles). per hour. 


Explanation of German terms : Eintritt = Entrance. — Austritt = Exit. 


mospheres or more. This behaviour of 
the pressure is entirely different from 
what happens with the valve chest pres- 
sure in a reciprocating locomotive, which 
at full loads shows the full boiler pres- 
sure less the loss due to pipe friction. 
The vacuum is throughout below 02 at. 
(2.84 lb. per sq. inch.) absolute and falls 
with the smaller outputs to 0.1 at. (142 
lb. per sq. inch.). When it is remem- 
bered that it is a question of the capaci- 
ty of a very restricted circulation of wa- 
ter to carry off the condenser heat, an 
average vacuum of about 0.13 at. (1.84 
Ib. per sq. inch.) may be considered as 
a good result from a cooling tender. 
Figure 9 shows the steam temperatures 
at the turbine, which are again repre- 


sented by three different curves, contrar- 
ily to the regular curve taken from a 
reciprocating engine. The temperatures 
reached at the higher outputs may be 
described as good. -They follow the 
general rule for superheated steam tem- 
peratures in locomotive boilers, in that 
they increase with increasing load. The 
exhaust temperature i. e. the temperature 
in the condenser does not vary so greatly 
with the output. It rises also irregular- 
ly from about 42° C. (407.6° F.) when 
the engine is running light to about 
59° C. (138.2° F.) with full load. 
Figure 10 gives the steam pressure at 
the blower turbine as well as that of the 
waste gas fan turbine, and shows the ex- 
pected result, that the pressure rises 
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_ Fig. 41..— Proportion of steam used by auxiliary turbines of the total steam consumption 
; for a speed of 80 km. (50 miles) per hour (approx.). 


Heplanation of German. terms : Damptverbrauch, etc... = Steam consumed by the auxiliary turbines as */, of 
the total steam consumption of the locomotive. — Gesamilok, — Whole of the locom tive. — Hauptturbine 
= Main turbine. — Hilfsturbinen = Auxiliary turbines. 


quickly with the increased loading of the irregularity which is caused, but to a 
engine, or from 1 at. up to about 8 at. greater extent than in the case of other 
(14.2 to 113.8 Ib. per sq. inch). This curves, by the methods of the fireman, 
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Fie. 42 — Total coal consumption per hour and consumption per effective horse power-hour fora 
speed of about 80 km. (50 miles) per hour (calorific power = 7 000 cal./kgr. = 12 600 B. T. U. per lb.). 


Explanation of German terms : 


Gesamtkohlenverbrauch = Total coal consumpton. 


Punkte sind Messergebuisse = Location of dots obtained by measuremeun's. 


excites the desire to make the regulation 
of the auxiliaries automatically depen- 
dent on the main turbine. 

A very important fact is confirmed by 
figure 11 which shows the proportion 
which the consumption of the auxiliaries 
bears to the total consumption of the lo- 
comotive. The consumption of the aux- 
iliaries constitutes a very considerable 
percentage. It is shown in the above 
chart to be as high as 33 % at light 
loads and falls to 18 % of the total con- 
sumption in kgr. 

The total heat consumption for the 
horse power hour reaches its lowest 
limit at a speed of 80 km. per hour (50 
miles) and 1250 H.P. with only 4300 


kgr.-cal. (17 060 B. T. U.) therefore much 
below that of the best reciprocating en- 
gine. 

The temperature of the feed water 
(condensate) entering the feed water 
heater, which is heated by the exhaust 
from the cooling fan turbine, naturally 
varies considerably, at light loads it is- 
about 40° C. (404° F.) and at maximum 
boiler output reaches 55° C. (131° F.). 
The temperature, after passing through . 
the heater remains almost unchanged at 
all loads at about 95° C. (203° F.), the 
same is the case with the exit tempera- — 
ture front the waste gas heater which 
is about 124° C. (235.2° F.) so that 30°C. 
(34° F.) of heat is added by the waste 
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Fig. 13. — Comparison of turbine locomotive with other types: 


coal consumption per effective 


horse power-hour for speed of about 80 km. (50 miles) per hour. (Calorific value 12 600 B. T. U..per lb.) 


Explanation of German terms 


":; Einschliesslich aller Hilfsmaschinen= All auxiliary machines included. 


Einschliesslich Wasserpumpe = Water pump included. 


gas heater. As a result of the waste gas 
heating the boiler efficiency is uncom- 
monly good; it starts at 81.5 % with a 
heating surface output of 20 kgr/m*h. 
(4.4 Ib. per sq. foot per hour) and falls 
so extraordinarily little, that at full 
boiler capacity it is as much as 79 %. 

The coal consumption is therefore really 
low. The actual consumption according 
to figure 12 runs proportionally evenly 
and is at 1250 H.Pe. which is about half 
the capacity of the boiler, a minimum of 
0.75 kgr. (4.68 lb.) per effective horse 
power hour, the lowest coal consumption 
which has as yet been achieved by any 
steam locomotive. 


I—19 


Figure 13 shows the coal consumption 
oi the turbine locomotive at 80 km. 
(50 miles) per hour in comparison with 
that of an engine of normal design, par- 
ticularly in comparison with 2-8-2 local 
train engine, with which it was stipulated 
that the turbine locomotive should be 
compared. The chart shows that this lo- 
comotive has in the meantime been sur- 
passed in the matter of coal consump- 
tion by the newer simple locomotive with 
increased superheat. The minimum coal 
consumption of the turbine locomotive 
shows an improvement as compared with 
the new simple engine of 40 % and an 
average of 25 %. At a speed of 60 km. 
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(37.3 miles per hour the turbine loco- 
motive gives a 35 % better result than 
the 2-8-2 engine while at 100 km. (62 mi- 
les) per hour the result is about 33 % 
better. : 

The trips at steady. speed were made 
as trips in front of express trains of dif- 


ferent weights (from 400—600 tons) on 
the Berlin-Hannover-Bremen line 378 km. 
(235 miles) in length. This line is a 
flat country line with short grades of 
1: 200. The observed savings varied but 
little round 17 %, the influence of the 
stops during which the auxiliaries had 


Fig. 14. — Probable coal consumption of turbine locomotive with highcr boiler pressure. 


Explanation of Germax terms: Kohlenverbrauch in kg/PSeh far ; == Coal consumption in kgr. per effective 
horse power-hour for ;, — 15 at Kolben-Lokomotive = 213 Ib. per sq, inch piston locomotive. — 15 at/25 at/60 at 
Turbinen-Lokomotive =213 1b./355 1b.)853 Ib. per sq. inch turbine locomotive. 


to be kept in operation, was quite suf- 
ficient to reduce the saving as compared 
with the ideal for continuous steady run- 
ning, by half, although the stops were 
not of excessive duration. 

This result will be clearly understood 
after a glance at figure 11 because the 
consumption for the auxiliaries repre- 
sents between 18 and 30 % of the total 
steam used for the locomotive as a whole 
at the output in question. Improvement 
in heat economy in the turbine loco- 


motive in this particular service, where 
such stops must always be reckoned with, 
must now be sought in the direction of 
a reduction of the consumption of the 
auxiliaries by careful control. Krupp 
already have experiments under way. The 
intention is that the blower turbine shall 
be made automatically dependent on the 
steam consumption of the main turbine. 
The builders in cooperation with Escher- 
Wyss (Dr. Zoelly) hope in this way to 
still further increase the present excellent 
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economy now realised in continuous run- 
ning, in the matter of coal consumption; 
increase of the boiler pressure will also 
serve to attain this object; the consump- 
tion figures which it is hoped to obtain 
are to be seen in figure 14. 

On all the trial trips, those taking part 
were impressed with the splendidly quiet 
running of the turbine locomotive, as 
being equal to that of a vehicle with long 
wheel base; in a general way the running 
feels at least as quiet as that of a good 
express train coach, in that the masses 
of the turbine and gears rotating at high 
speed exercise a stabilising effect. The 
turbine locomotive is also the one loco- 
motive which in the course of tests at the 
locomotive testing department at Grune- 
wald, has not suffered from tube leakage 
after periods of lengthy heavy working. 
This is evidently to be traced to the prac- 
tical freedom of the boiler from scale. 
With regard to the absence of scale, a 
maximum continuous loading of the 
boiler at 60 kgr./m? (12.3 lb. per sq. foot) 
was provided for as against 57 (411.7 Ib. 
per sq. foot) for the normal locomotive. 

The tractive power of the turbine lo- 
comotive is in addition very good; this 
was established in a separate test which 
was carried out in the following manner: 
the turbine locomotive was coupled with 
the dynamometer car between them, to 
another engine which was held by the 
application of its air brake, and the tur- 
bine engine was made to tow it, the re- 
-gulator of the turbine engine being open- 
ed only very slowly. With full boiler 
pressure the pull was as follows with 
nozzle 1, 5200 kgr. (11464 lb.); with 
nozzle 2, 9 300 kgr. (20 503 lb.) ; with both 
nozzles 12 450 ker. (27 447 lb.), this last 
representing an effective adhesive ratio 
at the draw hook of slightly over 0.2. 

A trip was made tender first on which 
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4-6-2 Maffei turbine locomotive (J. A. Maffei, Munich), 


Fig. 15. 
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the steam consumption of about 23 kgr. 
(54 Ib. per H. P.-hour) was extraordinar- 
ily high although a speed of 54 km. (33.6 
miles) per hour with'a H. P. of 446 was 
maintained. This very large steam con- 
sumption is not surprising when the 
great fan effect of the multistage turbine 
is taken into consideration. The vacuum 
was at 75—80 % quite good, and the 
whole result for tender first running 
which will only occasionally have to be 
done, was without doubt satisfactory. 

To sum up, the trials of the turbine 
locomotive were very instructive on ac- 
count of the exhaustive mechanical and 


thermic analysis carried out and they 


will result in defects revealed in this 
first locomotive being avoided in future 
designs. The locomotive is now being 
overhauled and will soon be used ‘to haul 
fast trains on the Essen Division of the 
Reichsbahn, 


3. — The Maffei turbine locomotive. 


The Maffei turbine locomotive which 
was built somewhat later than the Krupp 
engine can be more shortly described in 


respect of its general arrangement 
(fig. 15). 
3a. — Description of the design. 


The boiler of the Maffei locomotive is 
again a normal boiler in which the blast 
pipe is replaced by a suction fan, The 
waste gas feed heater and also the auxil- 
iary generator for train heating are ab- 
sent in the original design. )On the-other 
hand, the boiler is remarkable in that 
an attempt is made to raise the upper 
pressure limit to a height only possible 
in a locomotive boiler of normal design, 
by the use of exceptionally closely spaced 
staybolts, the pressure being 22 at. 
(313 lb. per sq. inch). 

The turbine is as in the case of the 


Krupp engine placed over the bogie and 
drives the lay shaft, which is connected 
to the wheels by means of coupling rods, 
through double gear. The bar frames 
and the rear trailing axle are similar to 
the Krupp engine. The turbine itself is, 
in contradistinction to the Zoelly, not a 
pure pressure machine; a two-stage Cur- 
tis wheel is inserted in front of the six- 
stage equal pressure turbine. The revers- 
ing turbine, which delivers its exhaust 
into a chamber connected to the conden- 
ser is as the Krupp turbine, two-stage. 
Whereas in the Krupp machine the for- 
ward and reversing turbines were sepa- 
rated by the double gear which lay bet- 
ween them, the whole turbine assembly 
is here kept together about the center 
line of the locomotive. The gears are 
carried on either side of the turbine so 
that the crank discs of the lay shaft are 
utilized for the large gears, into which 
the two pinions engage. The larger gear 
wheels on the intermediate shaft are ar- 
ranged in the same way as the power 
transmission wheels of electric locomo- 
tives. The admission of steam to the 
turbine is rather more finely regulated 
than on the Krupp engine. Both for- 
ward and reversing turbines have each 
four nozzle groups, which can be oper- 
ated successively from the footplate by 
turning a shaft which opens the valves 
on the nozzles of the turbine required 
while closing the nozzles for the tur- 
bine, either forward or backward which 
is not required, The operating wheel is 
fitted with an indicator which shows the 
position in regard to the nozzles to the 
man on the foot plate. 

The turbine exhaust goes into two 
water cooled surface condensers, which 
are carried longitudinally and not trans- 
versely (as on the Krupp engine), project- 
ing above the platform. The Y shaped 
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exhaust lead leading to the two conden- 
sers, which are on this engine placed 
side by side and not one behind the other, 
forms part of the smoke box support. 
The auxiliary machines, are grouped 
the condensate, feed and “drain pumps 
composing a flywheel-less assembly. ’ By 
means of a bye-pass valve on the feed 
pump it is possible to comply with de- 
livery requirements. The auxiliaries 
which call for high speed, namely the 
fans and the cooling water pump are 
driven by a steam turbine installed on 


the tender behind the backwall of the- 


coal space, while on the Krupp engine 
the circulating pump was placed on the 
engine. 

Also the tender fans are distinct from 
Krupp’s design by their being double 


and by the horizontal position of the 
blade wheels with vertical shafts, in the 
upper deck of the tender. 


The cooling tender (fig. 16) resembles | 
‘Krupp’s in general appearance as also in 


its working, in that it cools by the evap- 
orative method, the cooling water heated 
by passing through the condenser. The 
numerous metal cylinders packed in 
rows, which provided the cooling in the 
Krupp tender, are here replaced by clo- 
sely packed perforated copper plates, bet- 
ween which air is drawn by the fans 
while the water in finely divided form 
and partly in the form of spray flows 
down over them from above. 

The leading dimensions of the Maffei 
turbine locomotive in the form in which 


_ it was delivered are as follows : 


" Locomotive. 

Steam pressure . 4 Bea (313 Ib.) 
Diameter of driving wheels . 1750 mm. (5 ft. 8 7/8 in.) 
Diameter of leading wheels, bogie . (Sa (2 ft. 9 1/2 in.) 
Diameter of trailing wheels, truck . 1206 — (3 ft.. 11 1/2 in.) 
Average tractive force . 11 000 kgr. (24 250 Ib.) 
Heating surface of firebox . 13.0 m2 (140 sq. ft.) 

Sona) ee = tiles 146.9 (1579 sq. ft.) 

= — -— superheater . 51.0 — (548.9 sq. ft.) 

— — — total 210.7 — (2268 sq. ft.) 
Grate area 3.5 — (37.7 sq. ft.) 
Weight empty . 95.0 t. (93.5 Engl, tons) 
Adhesion weight 60.0 t. (59 Engi. tons) 
Running weight 104.0 t. (102.4 Engl, tons) 
Coupled wheel base . 4000 mm. (2S tt) 1 1/2) in:) 
Total wheel base . 11150 — (386 ft. 7 in.) 
Gauge . ete ea SG & 1485 — (4 ft. 8 1/2 in.) 
To pass curve of minimum radius . 180 m. (9 chains) 
Overall length . 13 590 mm. (44 ft. 7 in.) 
Overall height . 4280 — (14 ft. 1/2 in.) 
Overall width 3150 — (10 ft. 4 in.) 
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Tender. 
Water capacity for feed . - . - + +: : 4.3 m3 (945 British gallons) 
Water capacity for cooling . - - - +: - 20.0 — (4400 British gallons) 
Meeemtapaedty 2 6.0 t. (5.9 Engl. tons) 
Wulhipeleaiameter 2 6 = et ee ls 1000 mm. (3 ft. 3 3/8 in.) 
Total wheel base. . -.-.-: - Sgt ie Tico) — (25 ft. 3 25/32 in.) 
Wverulipength ws). 8 2 2 So ee 10545 — (34 ft. 7 1/4 in.) 
IpPTALMeW ditt co <p es iaehe 7 Sf hos! = 3100 — (10 ft. 2 in.) 
PORE MEIDEY se yeni =) Aol fpr nek 37.0 t. (36.4 Engl. tons) 
SEROMA oS ct se ni mah 68.0 t. (66.8 Engl. tons) 
Total wheel base engine and tender. . . . 20 890 mm. (68 ft. 7 in.) 
24135 — (79 ft. 2 1/8 in.) 


Oyerall length engine and tender. . ..- - 
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Fig. 17. — Section through main turbine. 
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3D, ==) Trials: 


A large number of trial trips had al- 
ready been run by the Maffei turbine 
locomotive on the Bavarian system of the 
States Railways and the engine had been 
for some time in regular service on the 
Berlin-Munich express trains between 
Munich and Niirnberg. The trials under- 
taken in the spring of 1929 with the aid 
of the dynamometer car nevertheless 
showed very high consumption results. 
In this case also it must be accepted that 
the reversing turbine in spite of its run- 
ning in vacuum, led to considerable loss 
by fan action, with extremely high con- 
sumption in consequence, as without 
this drawhack the Maffei engine with its 
higher pressure should have bettered the 
consumption figures reached by the 
Krupp engine, instead of which they 
were considerably above them. A par- 
tition was therefore fixed between the 
forward and the reversing turbine (see 
fig. 17) so that it was impossible for the 
exhaust steam from the forward tur- 
bine to blow into the reversing turbine 
and it was forced by the specially for- 
med partition to take a pronouncedly ra- 
dial path into the exhaust chamber. This 
partition had only one circumferential 
slit which served the smallest turbine as 
exhaust opening during travel in the 
rearward direction. While these altera- 
tions were being made a waste gas feed 
heater was fitted, and under these im- 
proved conditions the engine will be sub- 
jected to further tests. 


4, —_ The exhaust turbine driven tender. 


Brief mention has been made above 
of the interesting attempt which has been 
made with the exhaust turbine driven 
tender, to combine the good thermodyna- 
mic results given by the reciprocating lo- 


comotive in the réalms of high pressure 
with the thermodynamic superiority of 
the steam turbine in the arza of conden- 
sation. The Henschel Locomotive Com- 
pany of Kassel had laid before the 
Reichsbahn an attractive proposal, to 
collect on their behalf, further informa- 
tion on the subject of turbine driven 
vehicles and the possibility of increasing 
the output of locomotives in connection 
with them, and this offer was accepted 
(fig. 18). 


4a, — Description of the design. 


The locomotive selected to be fitted 
with the steam tender is one of the nu- 
merous 4-6-0 superheated passenger lo- 
comotives. A waste gas suction fan dri- 
ven by a turbine again serves to replace 
the exhaust pipe, though in addition as 
in the case of the Krupp engine, an auxil- 
iary blower is provided in the chimey. 
The turbine can be supplied, through 
the medium of a two way valve, with 
either wet or superheated steam, and the 
same connection also serves the auxiliary 
turbine on the tender. When the regu- 
lator is open, the auxiliary turbines run 
on superheated steam. The exhaust pas- 
ses into the exhaust feed heater as does 
that from the air brake pump. The boil- 
er feed pump is installed on the tender 
and delivers the feed water from it 
through the feed heater; the condensate 
pump is also on the tender. The feed 
heater condensate is returned to the 
tank through an oil separator. 

The exhaust from the locomotive ey- 
linders is carried back through pipes 
carried on the footplate. A large oil se- 
parator is fixed in the pipe before it 
reaches the cab. Flexible couplings 
with telescope pipes lead the exhaust 
steam to the tender. 


The turbine is naturally fitted on the 
tender with the condenser. The. steam 
supply of the turbine in the matter of 
quantity is automatically regulated by 
the operation of the usual reversing gear 
serew (fig. 19). A servo-motor, operated 
by an exhaust pressure of 1.2 to 1.4 at. 
(17-21.3 lb. per sq. inch.) works a change 
over valve which, in accordance with the 
cut off of the reciprocating engine opens 
1, 2, or 3 nozzles. The reversing turbine 
has only one steam lead : when running 
light the connection between the reci- 
procating engine and the turbine is en- 
tirely shut off so that entry of air to 
the turbine is prevented. An indicator 
on the end of the tender shows if the 
servo-motor is operating correctly. 

The main forward turbine is a three- 
stage Zoelly turbine with a maximum 
revolution speed of 9200 per minute; a 
single ring reversing turbine is fitted 
on the same shaft. The turbine drives 
the lay shaft carried in the frames Pomcesaa It 
through a double gear, the lay shaft 4 
being connected to the driving axles by 
erank gear. The tender has the 2-4-4 no- 
tation with the leading, driving and 
coupled axles carried in frames which 
are supported in the rear on a four- 
wheeled bogie. 

The turbine exhaust flows through a 
short bend into the condenser which is 
of the evaporative-surface type and ser- 
ves both for the condensing of the steam 
and the cooling of the circulating water, 
The steam is condensed in numerous 
bundles of brass tubes connected in par- 
allel which are sprayed on the outside 
with the circulating water; the heat pas- 
ses through the tube walls to the cooling 
water and is in turn taken up from the 
evaporating water by the air drawn 
through the condenser in the opposite 
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Fig. 18. —- 4-6-0 passenger locomotive with 2-4-4 motor tender driven by exhaust steam 
Explanation of German terms: Speisedom etc. = Feed dome does not exist on rebuilt locomotive. 


Fig. 19. — 2-4-4 motor tender driven by exhaust steam. 
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direction to the flow of the water. The 
spray water falling into the water tank 
is returned by the spray water pump into 
the circulating systent. The condensate 


Cylinder diameter 

Stroke . . 

Driving wheel fpaaicier: 

Carrying wheel diameter . 

Steam pressure 

Grate area : 
Boiler heating surfaces water rie d 
Superheater surface . 

Adhesive weight . 

Running weight 

Light weight 

Fixed wheelbase | 

Total wheelbase sia teas 
Tender driving wheel diameter ; 
Tender trailing wheel diameter . 
Turbine revolutions per minute . 
Gear ratio: turbine to lay shaft . 
Condenser cooling area . 

Adhesive weight of tender 
Running weight 

Light weight Ste 

Fixed wheelbase of tender . 

Total wheelbase of tender . : 
Fixed wheelbase of engine and ede: ; 
Total wheelbase of engine and tender 
Overall length engine and tender . 
Water capacity Aine: 
Coal capacity . 


4b. — Trials with turbine tender. 


One main result is to be obtained from 
the trial trips as shown in figure 20 for 
80 km. (50 miles) per hour. While the 
abscisse show the coal consumption the 
ordinates ape the horse power at the draw 
hook for 1: %; next to them is shown 
the curve for the 4-6-0 passenger locomo- 
tive with ordinary tender. This last curve 
begins with light running with 380 kgr. 
(838 Ib.) per hour. The curve for the 
locomotive with turbine tender, on ac- 
count of greater inherent resistance, attri- 


is collected in the condenser chamber 

and is passed thence to the feed pump. 
The dimensions of the turbine driven 

tender locomotive are as follows : 


575 mm. (22 5/8 inches) 

630 — (24 3/8 inches) 
eo) (5 ft. 8 7/8 in.) 
1000 — (3 ft. 3 3/8 in.) 

12 kgr./em2 (170.7 lb. per sq. inch.) 
2.62 m2 (28.2 sq. ft.) 
146.28 — (1 574 sq. ft.) 
Ga) eS (634 sq. ft.) 
52.13 t. (51.2 Engl. tons) 
79.5 4%. (78.2 Engl. tons) 
12.5 74. (71.4 Engl. tons) 
4580 mn. (ib ft. 5/16) 1x.) 
$350 .— (27 ft. 4 3/4 in.) 
1400 — (4 ft. 7 1/8 in.) 
850 — (2 ft. 9 1/2 in) 
9 200 a 
24.42 ore 

279 m2 (3003 sq. ft.) 

34.8 t. (34.2 Engl. tons) 

$4.6 t. (83.1 Engl. tons) 

61.6 t. (60.6 Engl. tons) 
4600 mm. (16 ft. 1 1/8 in.) 
8 270 — (27 ft. 11 9/16 in.) 
11940 — (39 ft. 2 in.) 

"19380 — (63 ft. 7 in.) 
22,91 — (75 ft. 2 1/4 in.) 
16 m3 (3 520 British gallons) 
(6.9 Engl. tons) 


7 t. 


butable to the gear and the extra weight 
of the tender, as well as the consumption 
of the auxiliaries, begins with a coal con- 
sumption of 540 kgr. (1 190 lb.) per hour 
and for equal outputs up to 540 H. P. 
shows an increase of consumption over 
the normal engine. From this point on, 
the turbine tender engine is more econ- 
omical and reaches with the steeply rising 
curve due to its greater heat gradient, its 
highest continuous output at 1030 H. P. 
with an increase over the normal engine. 
of 270 H. P. Slightly greater forcing is 


Fig. 20. — Ditterence in power at equal hourly coal consumption 
and at a speed of about 80 km. (50 miles) per hour. 


Explanation of German terms : Unterschied, ete. = Difference in power in "/, as compared to Pg locomotive, — 
Leistungsgewin, etc. = Supplement of power supplied by motur tender driven by exhaust steam. 


permissable in the case of the scale free 
boiler of the turbine tender engine. 

The heavy curve represents the differ- 
ence in output in percentages as against 
the normal locomotive with similar coal 
consumption. The turbine tender is also 
at first less economical and only is su- 
perior in economy from 510 H. P. up to 
maximum output, when the saving is 
25 %. In view of these’ facts, no one 
would seriously think of introducing the 
turbine tender in large numbers, seeing 
that coal economy with equal loads cannot 
be obtained throughout the whole service 
range of the machine and can only be 
bought by a much greater capital expen- 
diture as. well as increased maintenance 
cost. Nevertheless the trials have proved 
of educational value all the more as they 
were carried through without interrup- 
tion. 

The locomotive with its turbine tender 
has lately been in service in Kassel. 

5. — High pressure turbine locomotive. 

A proposal by Krupp for a turbine lo- 
comotive working at a pressure of 60 at. 


(853 Ib.) is on paper; the reduced con- 
sumption figures hoped for from the im- 
proved design as compared with the tur- 
bine locomotive working at the hitherto 
usual pressures, are given in curve chart, 
figure 14. 

The boldest proposal for a high press- 
ure condensing locomotive is at present 
being elaborated by Maffei of Munich for 
the Reichsbahn. It concerns the develop- 
ment of the Benson principle for locomo- 
tives, under which the steam in the gene- 
rator has the critical pressure of 225 at. 
(3200 Ib. per sq. inch) with a tempera- 
ture of 375° C. (807° F.). The generator 
in which steam is raised from feed forced 
in at a pressure of 225 at.(3 200 lb. per sq. 
inch) without change in volume and 
without loss due to latent heat, must on 
account of the unusually high quality of: 
the material, be kept entirely free from 
scale. The engine is intended to be con- 
densing. It can therefore only be a tur- 
bine locomotive. Even when, in order 
that the steam shall not on account of 
the slightest drop in pressure, arrive at 
saturation condition, and when in order 
to obtain satisfactory action at the tur- 
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hine blades, a maximum pressure of 
« only » 180 at. (2560 Ib. per sq. inch) 
with high superheat is employed at the 
turbine, it is obvious that the temperature 
and pressure gradient from boiler to con- 
denser is far too great to be handled in 
one turbine. The proposal therefore in- 
dicates two turbines with intermediate 
reheater, One high and one low pressure, 
which together transmit through interme- 
diate gears to the lay shaft. As in this ar- 
rangement, two turbines are provided, and 
as the reversing turbine has previously 
caused certain constructional difficulties, 
a separate reversing turbine is fitted in a 
clever and comparatively simple manner, 
so as to reduce the loss of output due to 
fan effet. The hot tube fire box forms 
the rear portion of the boiler. The hot 
gases must naturally leave it at sufficient 
temperature so that a powerful current 
of hot gas will pass through the coils of 
tubes which must have a temperature of 
at the very least 875° C. (707° F.). This 
somewhat high temperature will be ex- 
tracted from the waste gases on their way 
to the smoke box by means of the super- 
heater and feed preheater interposed in 
their path. A waste gas feed water heater 
in the shape of a short boiler barrel sec- 
tion is supplied to heat the (circulating) 
feed. On account of the small storage 
capacity of the Benson boiler on the one 
hand, and on the other hand the very 
high output which is often demanded 
from the locomotive it is necessary to be 
able regulate the supply of heat to the 
boiler as quickly and as thoroughly as 
possible. On these grounds pulverised 
fuel firing seems to be peculiarly appli- 
cable to the Benson locomotive. 

The locomotive appears on account of 
its simple appearance externally very like 
a normal 4-6-4 express locomotive. 


Ill. — The high pressure 
reciprocating locomotive. 


While in comparison with the normal 
locomotive, the turbine locomotive extends 
the heat gradient further down the scale, 
on account of lowering the pressure and 
temperature limits, the high pressure re- 
ciprocating locomotive does exactly the 
opposite. The boiler pressure goes enti- 
rely beyond the usual limits; it is in the 
first high pressure locomotive, so far 
built in Germany, after the designs of 
Schmidt-Henschel, of about 60 at. (853 Ib. 
per sq. inch) in the case of the Léffler- 
Schwartzkopff engine, 120 at. (1 707 Ib.). 
The engine built in Switzerland, to Win- 
terthur designs has, as in the case of the 
Schmidt - Henschel locomotive, 60 at. 
(853 lb.) boiler pressure. All these lo- 
comotives exhaust to the atmosphere and 
have the great advantage of automatic and 
convenient provision of steam by the aid 
of the blast pipe; they have the simple 
trailing tender and are altogether cheap- 
er than the turbine locomotive with its 
condenser. If into the bargain, the con- 
densing tender were added the resulting 
high pressure turbine locomotive would 
achieve the largest imaginable heat gra- 
dient. 


I. — The Schmidt-Henschel high 
pressure locomotive. 


ja. — Design of the locomotive. 


The high pressure locomotive has na- 
turally a somewhat more complicated ap- 
pearance than the normal reciprocating 
engine. 

The stayed firebox cannot be used with 
the very greatly increased pressure. The 
special high pressure boiler can no longer 
be built as a rivetted boiler, but is made 
from a forged and machined steel drum. 
Dr. Schmidt whose great,services in con- 
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nection with superheated steam are well 
known, has as the result of previous trials 
with a stationary boiler, developed the 
principle of a two-pressure boiler with 
indirect heating. In it the material is 
kept free from all strains which are not 
due to the steam pressure ruling in the 
high pressure boiler itself. It is also re- 


Abb. 24. — Schmidt-Henschel 
high pressure locomotive. — Diagram of heating 
and evaporating apparstus. 


a =Up tubes. — b = Junction pipe. — 6! = Down tubes. — 
ec = Bottom header. — d= Top header. — e = Connexion 
tube to superheater. — f = Superheater tubes. — h = High 
pressure drum. — r = grate. 


moved from all contact with the hot gasses 
which evoke additional and unequal 
stresses. In it the evaporation is in fact 
carried out by steam of higher pressure 
(90 at. — 1280 Ib. per sq. inch) which 
is passed through coils of tubes in the 
high pressure boiler. This hot tube sys- 
tem is supplied by a water tube firebox 
which is separate from the high pressure 
boiler itself. This firebox is not only 
heated by the flame but also by contact 


with the hot gases. The water tubes are 
so closely pitched over the grate that they 
protect the under side of the high press- 
ure drum from the hot gases. 

Figure 21 shows the arrangements of 
combustion and boiler layout. The actual 
high pressure container forms the upper 
part of the boiler, it contains a number 
of tube coils arranged in series of which 
f is one as is shown more clearly in fig- 
ure 22. Steam at a pressure of 90 at. 
(1 280 Ib. per sq. inch) enters this coil in 
a downward direction through the con- 
necting tube e, transfers its heat and 


_ flows as condensed water through the 


down comer b, to the lower collector c. 
This lower collector which is in fact the 
foundation ring is bored from solid steel 
blocks. The high pressure water is again 
héated by the fire in the lower ascending 
pipe a and rises on both sides of the fire- 
box r to the upper collectors d into which 
the system of cross tubes (marked with 
an arrow) which forms the roof protect- 
ing the high pressure drum, is secured. 
From this upper collector, which is bored 
from forged steel, the superheated steam 
again flows through e into the heating 
coils. The circuit is completed : b is like 
the other unlettered tubes, a circulating 
tube which ensures complete equilibrium 
of pressure through.the system. The 
heating system is filled with scale free 
water and in continuous circulation, and, 
as no water is added from external sour- 
ces, there is no formation of scale. Fig- 
ures 22 and 23 show the arrangement of 
the high pressure boiler. 

This high pressure boiler in which 
steam generation, delivery and feed pro- 
ceed in the usual sense, must naturally 
also be kept equally free from scale. This 
important task is one that belongs to-the 
low pressure boiler, in which a pressure 
of 14 at. (199 Ib. per sq. inch) is main- 
tained. The supply of water is so ar- 
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Fig. 22. — Schmidt-Henschel high pressure locomotive. 


Explanation of German terms: Mitte HD (ND) Kessel = Center line of H. P, (L. P,) boiler. 


ranged that the whole of the feed for high 
pressure and low pressure steam includ- 
ing that for working the pumps, is pump- 
ed into the low pressure boiler. From 
the low pressure boiler, the proportion of 
water fixed for conversion into high 
pressure steam (60 % in the case of the 
first locomotive but more in future de- 
signs) is delivered into the high pressure 
drum where it flows over the heating coils 
and is evaporated. Now as the tempera- 
ture in the low pressure boiler is consid- 
erably above that at which scale is heavily 
deposited on the plates of the normal low 
pressure boiler, scale forming matter is 
only carried into the high pressure drum 
with the feed in such small quantities 


that it forms a loose coating on the heat- 
ing coils and can be washed off. 

The low pressure boiler (fig. 24) is 
designed as an ordinary boiler barrel with 
regulator and feed domes, while at the 
back end it has a stayed recess into which 
the front end of the high pressure drum 
is seated. In other aspects it is similar 
to the barrel of a 4-6-0 three-cylinder ex- 
press engine. The low pressure feed 
pump is of the Knorr-Nielebock preheater 
standard type which feeds through an ex- 
haust preheater; the high pressure feed 
pump is also a direct compound, follow- 
ing the usual design, but the water cylin- 
der is somewhat smaller while the steam 
cylinder is larger than in the normal de- 
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sign because of the very high feed press- 
ure. 

The boiier mountings for the high 
pressure boiler comprise two high press- 
ure feed valves of comparatively small but 
strong construction, the valves and seat- 
ings being made of rustless steel high 
pressure safety valves of the same mater- 
ial, a hand operated bye-pass valve by 
which the excess of high pressure steam 
can be blown into the low pressure boiler 
and makes it possible to restrict the blow- 
ing to waste of the valuable high press- 
ure steam of 60 at. (853 lb.) to the lowest 
possible limits. T'wo high pressure water 
gauges must be added; these consist of cast 
cases bored out and fitted with circular 
discs of Jena glass 20 mm. (25/32 inch) 
thick (fig. 25). These two gauges stand, 
as does the high pressure drum at such a 
height that to observe the water level the 
staff must mount a step and to make ob- 
servation easier, a so called lowered ausi- 
liary gauge is provided with the usual 


a = vertical stays. 

b = horizontal stays. 

c= parabolic plate 

d= Strengthening pieces, 
e = steam dome, 

{ = feed dome. 

y = opening for preheater. 
h = opening for pump. 


Abb. 24. — Schmidt-Henschel high pressure locomotive. — Low pressure boiler. 


Fig. 25. — Schniidt-Henschel high pressure locomotive. 
Water gauze for high pressure boiler. 


type of glass to be opened and closed by 
hand and used in place of the proper 
gauge. The fireman is compensated for 
the increased work of observing the low 
pressure gauge (the low pressure boiler 
has of course also a water gauge) by the 
smaller amount of work with the shovel 
which he has to do as a result of the re- 
duced consumption of coal. A high press- 
ure regulator of the Wagner design com- 
pletes the list of fittings; it is of this 
firms’ new design and differs only from 
the normal regulator by its smaller size. 
There is a similar regulator for the low 
pressure steam supply in the low press- 
ure dome and this is coupled to the high 
pressure so that there is only one lever 
for the driver to work as is the case of 
the normal locomotives. 

In describing the superheater arrange- 
ment it is to be noted that owing to the 
high pressure of 60 at. (853 Ib. per sq. 
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Fig, 26. — Schmidt-Henschel 
high pressure locomotive. 
(Gross section through smoke box and 
cylinders). 


inch) a two-stage expansion as also a 
compound arrangement, was indicated. 
The steam after passage through the high 
pressure cylinder is reduced to between 
10 and 14 at. (142 and 199 lb. per sq. 
inch) and is no longer highly superheated 
and so would therefore enter the zone of 
wet steam in passing to the outside cylin- 
ders. It would have been possible to su- 
perheat the steam a second time in an 
intermediate superheater but undesirable 
results were possible on account of oil 
residues from the high pressure cylinder 
lubrication. It was therefore arranged 
that low pressure steam heated in a low 
pressure superheater was mixed with the 
high pressure cylinder exhaust. The en- 
gine is therefore no longer a pure engine 
compound but one with fresh additional 
steam added at the receiver. The mixing 
of the steam is carried out by means of 
a mixing nozzle and the pressure in 
the low pressure boiler is the result of 
this combined steam pressure. As only 
approximately 60 % of the total steam 
used has to be supplied by the high press- 
ure boiler it is necessary to employ two 
low pressure cylinders to utilize the ex- 


Diameter of high pressure cylinder . 

Diameter of low pressure cylinder . 

Stroke-volume ratio . 

Driving wheel diameter. 

Carrying wheel diameter 

Fixed wheelbase . . = 2 = “2g & 

Total wheelbase : 

High pressure nates : 

Boiler pressure, Ae ee rc 

Heating surface of gepkvaltoe coils in high 
pressure drum (outer side}... - + - 

High pressure drum (outer side) . 

High pressure drum, length . 

High pressure drum, inside diameter . 

Water content at low level . 

Area of evaporating surface . - 

Heating surface of high pressure aiperhentar: 

Boiler pressure (in L. P. boiler) . . . . . 


panded high pressure steam plus the 
above mentioned additional low pressure 
steam, so that the three-cylinder type of 
engine was obviously called for. 

The superheaters are of the small tube 
type and are installed in the low pressure 
boiler with the low pressure heater lying 
above the high pressure heater. The boil- 
er contains smoke tubes only and these 
are fitted with heater tubes as shown in 
figure 26. 

The high pressure cylinder, 290 mm. 
(11 7/16 inches) has peculiar means of 
steam distribution. This is provided by 


a small piston valve which gives the same — 


cut off as that for the outside cylinders; 
it is connected with the outside gearing 
so that there is ~ ) added complication in 
this arrangement. No special arrange- 
ments are called for starting since the 
outside cylinders receive the additional 
steam as explained above. Except for the 
extra water and steam gauges the drivers 
cab presents the usual appearance. 


Figure 27 shows the elevation of the 
high pressure locomotive. The principal 
dimensions are as follows : 


290 mm. (11 7/16 inches} 


2x 500 — (19 11/16 inches) 
Le 6a 

1980 mim. (6 ft. 6 in.) 

1000 — ‘3 ft. 3 3/8 in.) 
+700 mm. (15 ft. 5 in.) 
9750 == (30 ft. 1/4 in.) 

GO at. ($53 Ib.) 
20.23 m2 (218 sq. ft.) 


39.6 — 


(426 sq. ft.) 


516) mm. (16 ft. 11 3/16 in.) 


914 —- (3 inches) 
1.76 wm? (87 British gallons} 
2.64 m2 (28.4 sq. ft.) 

400 — (430 sq. it.) 

14 at. (199 Tb. per sq. inch) 
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Diameter of boiler . : 
Heating surface (fire side) . say Acoue 
Heating surface of low pressure superheater. 
CHES? COGS Ac. J a a 
Heating surface of low pressure superheater . 
Overall length of engine (over buffers), in- 
Adhesive weight 
Adhesion weight . 
Light weight . 
Running weight . 

Tender : 
Wheel diameter 
Total wheelbase 
Water capacity 
Coal capacity . 
Light weight 
Running weight 


1b. — The trials. 


The engine was in the first instance 
delivered with the water tube firebox 
made up of six separate elements, each 
consisting of water tubes connected to 
the foundation ring (not divided at first) 
and to header. The first trials with the 
dynamotor car took place with the en- 
gine as delivered, in February and March 
1927, on the line between Wildpark and 
Magdeburg and later between Wildpark 
and Kothen. The very level character of 
this section was desirable for the even 
running speed trials, as the system of 
testing with an engine behind the train 
engine, acting as a brake, had not at that 
time been developed. The time table 
called for an average through speed of 
80 km. (50 miles) per hour, but to pro- 
vide for the time required to attain 
steady running speed, for the braking 
time as well as for the extra time allowed 
for climbing the bank between Burg and 
Magdeburg and the service slacks, a speed 
of about 90 km. (55.9 miles) per hour 
was necessary. 

The question of the indirect heating of 
the high pressure boiler was naturally of 


1 600 mm. (5 h..3) 10.) 


117.6 m2 (1 266 sq. ft.) 
39.6 — (426 sq. ft.) 
2h — (26.6 sq. ft.) 
13.6) = (146 sq. ft.) 
21 200 mm. (G9 ft. 6 11/16 in.) 
60190 ker. (132 700 1b.) 
85 620 — (188 760 Ib.) 
_ 92080 — (203 000 1b.) 
1000 min. (3 ft. 3 3/8 in.) 
5600 — (18 ft. 4 1/2 in.) 
31.5 m3 (6930 British gallons) 
7000 ker. (6.9 tons) 
28 120 — (62 000 1b.) 
66 620 — (146 870. Ib.) 


great interest. The pressure in the var- 
ious heating elements proved to be very 
uneven and was constantly highest in 
element 4, that element being not only 
situated in the center of the radiation 
zone but also most exposed to the pas- 
sage of the flame in the neighbourhood 
of the brick arch. The heating elements 
were and are proportioned to carry a 
working pressure of 90 at. (1 280 Ib. per 
sq. inch) and the pressure in No. 4 ele- 
ment always exceeded this figure during 
heavy demands on the engine; in spite of 
this excess of pressure the desired 60 at. 
(853 Ib.) working pressure was not 
reached. A higher average pressure than 
54.3 at. (772 lb. per sq. in.) in the high 
pressure boiler was not reached. 

The highest sustained power reached, 
viz. 1335 effective H. P., showed the ca- 
pacity of the water tube firebox to ab- 
sorb and transmit a very great amount of 
heat in spite of the very small tempera- 
ture differences. The firebox surface 
exposed to radiant and contact heat was 
only 20.2 m* (217 sq. feet) but this area 
absorbed, during the hardest runs, suf- 
ficient heat to generate per hour 238 kgr. 
of high pressure steam per sq. metre 
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(48 Ib. per sq. foot) of heating surface 
and 235 kgr. (52.2 Ib. per sq. foot) during 
the time the engine was running under 
steam. Under these conditions, the dif- 
ference in temperature between the high 
pressure boiler and the average of the 
6 heating elements was only 37° C. 
(66.6° F.). At lower boiler output viZ.: 
about 150 kgr/m2h. (30.7 Ib. per sq. foot 
per hour) the temperature difference fell 
to 22°C, (39° F.). 

The trials as a matter of fact led to the 
conclusion which was established later, 
that a subdivision of the water tube fire- 
box into separate elements is not per- 
missible, because full utilization of the 
high pressure working system is preven- 
ted by consideration for the hardest 
worked element. This last result gave 
the impetus towards the decision to re- 
build the water tube firebox as an undi- 
vided system. 

Coal consumption reached its lowest 
point in these first trials at 1.06 kgr. (2.33 
Ib.) per H.P. hour using good Silesian 
coal with a heat content of 7 090 kgr./cal. 
(12 760 B. T. U. per Ib.) which. represents 
an improved heat consumption of 7500 
kgr./cal. (13500 B. T. U. per Ib.) at the 
draw hook. The total coal consumption 
went hand in hand with the satisfactory 
heat consumption in the steam (from 
0° C.) of 3600 kgr./cal. 10 080 B. Ue 
per lb.) per horse power-hour and re- 
presented a saving of from 7 to 12 % as 
compared with a very good normal lo- 
comotive. 

The proportion of high pressure steam 
to the total was 64 % at low load and 
at high load, or 1 353 H.P., it fell to 55 %. 
If the steam for the pumps which is 
taken from the low pressure system is 
included the percentage of high pressure 
steam will be somewhat lower by about 


4.35 % and the percentage at low loads 
will be 59.5 %. 

The boiler efficiency with a coal con- 
sumption of about 250 kgr./m* (55 Ib. 
per sq. foot) per hour representing 500 
HP. was 70 % with the maximum out- 
put of 1355 HP. representing 600 
ker./m? (132 Ib. per sq. foot) per hour, 
the efficiency was 62.5 % or rather below 
that of a good, new normal boiler. 


The first trials therefore gave pleasant 
promise for an initial test although it is 
understandable that some small troubles 
were met with during the trials. The 
labour of firing was not heavier than for 
a normal boiler. The fireman has cer- 
tainly two boilers to feed, in which work 
he is assisted by the provision of the 
auxiliary water gauge. The driver seeing 
that the high pressure and low pressure 
regulators are coupled and that there is 
only one reversing s¢rew to be operated, 
has little more to do than with the nor- 
mal engine, As in the case of this engine 
the blast pipe is present to provide the 
automatic regulation of the generation 
of steam to meet consumption, it can be 
said that as a result of the first trials 
there is little difference from the work- 
ing of an ordinary locomotive and there 
is no hardship entailed on the staff. 

After the trials the engine was return- 
ed to the builders for the purpose of 
rebuilding the water tube firebox and 
other alterations. Trials of the altered 
engine were recommenced in the middle 
of February 1928. 

After a few trial trips in front of trains. 
made up of express train coaches, trials 
started on the 6th of March and conti- 
nued till the 30th of that month, on the 
line between Berlin and. Magdeburg, 
using the engine which had in the mean- 
time been fitted with the Riggenbach 
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brake, as load coupled directly behind 
the dynamometer car. 

The most important conclusions rea- 
ched in this new series of tests was that 
the desired maximum pressure of 60 at. 
(853 lb. per sq. inch) was now fully or 
nearly attainable. The col consumption 
per H.P. at the drawbar differed very 


phish 


Nonlenverorauchn 


little at low loads from the figures of the 
previous year’s trials but the lower lim- 
its of the consumption curve on this 
occasion touched 0.98 kgr. (2.16 lb.) per 
effective H.P. hour while in the previous 
trials, the best result obtained (based on 
coal of 7000 kgr./cal./kgr.) (12600 
B. T. U. per lb.) was 1.07 kgr. (2.35 Ib.) 


“oo 500 600 70 800 900 1000 1100 200 1300 "00 PS 
(azrete} Lesstung an Lughaken aut der Wegerechien 
Fig. 28. — Coal consumption per effective horse power-hour 


at drawbar hook [speed about 80 km. (50 miles per hour)]. 
Calorific value of coal about 12 600 B. T. U. per Ib.). 


a, Coal consumption of nigh RUE locomotive in 1927. 

ay » ” 1928. 

z ” of Bavasiatl S 3/6 4-cylinder express locomotive. 
. of 5 102 3 cylinder express locomotive. 

a Economy with h gh pressure locomotive (1928 consumption) compar- 


ed to $ 10? locomotive. 


Explanition of German terms : 


Kohlenverbrauch = Coal consump- 


tion. Ersparnis gegeniber S 10? = Economy compared to S$ 102. 
— Leistung am Zughaken auf der Wagerechten = Power develop- 
ed at drawbar hook on the Jevel. 


per effective H.P. hour. The heat of 
combustion is therefore, as a result of 
the alteration to the engine, better utiliz- 
ed to the extent of about 8 %. For pur- 
poses of comparison the consumption 
curve of the last built locomotive of the 
former Bavarian State Railways, the S 
3/6 four-cylinder compound, is included 
(fig. 28), this engine having been tested 
with the brake approximately the same 
as the high pressure locomotive and hav- 
ing shown itself an extraordinarily eco- 
nomical machine. The lower limit of 


her consumption curve compares with 
that for the first trials of the high press- 
ure locomotive so that the very economi- 
cal normal engine is under cut in the 
matter of coal consumption by about 8 %. 

A better comparison to show the ther- 
mal progress made, would be one made 
with an earlier original type of normal 
engine with a pressure of 14 at. (199 Ib. 
per sq. inch). Such a consumption curve 
is given being repeated from the earlier 
details of tests available, which, with 
700 H.P. at the drawbar shows a mini- 
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mum coal consumption figure of 4.4 kgr. 
(3.08 Ib.) per H.P. hour as against the 
present figure of 0.98 kgr. (2.16 Ib.) at 
1450 HP. and also a coal saving of about 
30 %. This saving which increases with 
increasing load, has an approximate aver- 
age value of 25 % so that when the high 
pressure locomotive is loaded to the 
maximum the saving will be increased. 


At an output of 600 H. P. the high press- 
ure cylinder provides approximately 35 % 
of the total power; this proportion sinks 
at high outputs to about 30 % so that the 
division of work is good. 

The third series of trials with the new 
evaporating elements of more suitable 
material, altered form and 22.3 m? (240 
sq. feet) contact surface on the steam 
side in the high pressure boiler, were 
carried out between January and Apri! 
1929 on the Berlin-Magdeburg line, using 
the brake locomotive as load; it was only 
necessary to add express train coaches to 
the train when very heavy loads were 
required. The speed was no longe re- 
stricted to 80 km. (50 miles) per hour 
trips being also run at 60 and 100 km. 
(37.8 and 62 miles) per hour. The pro- 
portion of high pressure steam to the to- 
tal steam consumption (steam for pumps 
included), varied more than in the first 
trials; the proportion was however fairly 
well kept up, being higher at low outputs. 
From 70 % with the engine running 
light, the proportion frequently fell to 
30 %, the 50 % generally corresponding 
to the heavy loads. 

The steam and coal consumption, ex~ 
cluding steam for air pump, on this oc- 
casion showed higher values than in the 
previous years trials. The division of 
output as between the cylinders was 
again that desired, the high pressure Cy- 
linder giving one third of the total, The 


boiler efficiency curve, which fell sharp- 
ly in sympathy with increasing load 
(n = 0.78 at 5500 kgr. [12 125 lb.] steam 
per hour to 0.6 at 14500 ker. [25 350 lb.| 
steam per hour) showed that the new 
evaporating elements had already reached 
the low limits as regards their heating 
surface. 

For a fourth series of trials, the re- 
sults of which are not as yet fully worked 
out. one extra tube element was added to 
each individual evaporator element. From 
such partial results as have already been 
got out it appears that an undoubted 
saving of coal consumption at the higher 
outputs has been obtained as compared 
with the second series of trials in 1928. 
The locomotive will shortly be put on ex- 
press service under the Reichsbahn 
Authorities in the Kassel Division (fig. 
29). 

On the completion of all these trials 
two statements can be made : The first, 
that the system of indirect heating has 
throughout proved rich in results. Se- 
condly, that the thermal results given by 
this first high pressure locomotive — 
expressed in a saving of 8 % of eval — 
are taken as a whole, economically too 
small to justify the complicated design 
of the high pressure locomotive in its 
present form. The reason that greater 
economy was not obtained, lies ready to 
hand. It is to be found in the fact that 
the proportion of high pressure steam 
from which alone the thermal improve- 
ment can be obtained, is especially at 
high output only approximately one half 
of the total steam used. If it is desired 
to render a high pressure locomotive of 
similar type more economical, the pro- 
portion of high pressure steam used must 
be. considerably increased. 
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Fig. 29. — High pressure locomotive compared to locomotives of other types. 
Coal consumption per effective horse power-hour at a speed of 80 km. (50 miles) per hour. 
Calorific value of coal 12 600 B. T. U. per Jb. 


Ordinate = Coal consumption in kgr. per effective horse power-hour. — Abscissa = Effactive horse power developed 
at drawhar hook on the level, 


1c. — New proposals along Schmidt- 


Henschel lines. 


Two proposals by which the propor- 
tion of high pressure steam used shall 
be increased to between 80 and 100 % 
of the total, are already being worked 
out. At medium loads the engine will 
work entirely with high pressure steam 
and only at high ‘loads will a proportion 
of low pressure steam be added. The 
basic design of the boiler remains unal- 
tered, though the indirectly heated high 
pressure boiler with its water tube fire- 
box is considerably larger, while the low 
pressure boiler, which sinks almost to 
the level of a preheater, though it still 


continues to provide for the prevention 
of scale,. becomes smaller. In conse- 
quence of the very minor role played by 
the low pressure boiler, ‘the engine itself 
will become a pure compound machine, 
and the inter-superheater which was dis- 
pensed with owing to the solution provid- 
ed for reheating by the admixture of high- 
ly heated high pressure steam, as before 
described, will resume its proper func- 
tions. The two proposals mentioned 
above differ in accordance with the way 
this inter-superheater is used, either as 
a heat exchanger with highly superheated 


steam, or as a pure inter-superheater 


with an efficient oil separator placed in 
front of it, and concern on this occasion, 
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not the alteration of an existing engine 
but an entirely new design. On this ac- 
count the choice of the type of locomo- 
tive to be buit, has fallen on the 4-6-2 
four cylinder compound class which is 
capable of high output, and the engine 
is designated as competitrix of the 
Reichsbahn simple express locomotive. 


2. — The Loffler-Schwartzkopff high 
pressure locomotive. 


While the engines mentioned above are 
as yet only in the proposal stage, the 
Léffler-Schwartzkopff 4-6-2 high press- 
ure express locomotive intended for the 
Reichsbahn, is nearing completion in the 
works of the Berliner Maschinenbau 
Company (formerly L. Schwartzkopff). 


The peculiarity of the Loffler high 
pressure locomotive, which originated in 
the Vienna Locomotive works at Florids- 
dorf lies, as is known, in the evoporation 
of water in a high pressure boiler by 
means of steam of equal pressure and 
high superheat which is blown into it. 
The high pressure boiler is therefore 
free from any actual connection with the 
firebox and can be placed in any suitable 
position on the engine frame, which is a 
great advantage. The steam generated in 
the high pressure boiler is drawn off by 
a steam circulating pump and is forced 
into the superheater which takes the 
form of a species of water tube firebox. 
The greater part of the steam which has 
been highly heated in this system of tu- 
bes is again passed as superheated steam 
through an inlet into the high pressure 
boiler, the remainder is utilized to pro- 
vide the working steam for the locomo- 
tive. After it has been condensed by 
means not as yet decided on, it is again 
returned to the high pressure boiler by 
the feed pump, so that it forms a simple 


circulation of water and steam, and the 
principle of keeping the high pressure 
system free from scale in maintained. 
The driving motor of the circulating 
pump merely has to overcome the loss 
due to friction and flow resistance of 
the steam stream; in order therefore that 
the pump shall not on account of its out- 
put become unwieldy, it is necessary that 
the steam shall have a very small specific 
volume. This can only be the case with 
very high pressures, so that the Léffler 
system can only be worth while with 
pressures from 100 at. (1 422 Ib. per sq. 
inch) and above. A pressure of 120 at. 
(1707 lb.) has been chosen for this par- 
ticular engine. The circulating is de- 
signed as a three-cylinder steam driven 
flywheel pump, while later it was propos- 
ed to drive the pump mechanically from 
the engine. On account of the great im- 
portance of the role played by the cir- 
culating pump it is installed in duplicate. 

In the Léffler engine the condenser is 
at the same time the low pressure boiler 
for driving the low pressure engine. As 
only low pressures are dealt with in this 
boiler, scale free water is not necessary 
and the expanded steam is released to 
atmosphere through the blast pipe. The 
Léffler engine is therefore an open ex- 
haust machine with a simple trailing ten- 
der. The condenser which serves as the 
low pressure boiler is placed in front of 
the smokebox, and a low pressure super- 
heater and an air heater are arranged 
between it and the superheater system for 
utilizing the heat of the hot gases. 

The engine is a three-cylinder machine 
with two outside high pressure and a 
single low pressure cylinder between the 
frames, so that it is not actually a pure 
compound engine. The builders esti- 
mate on a saving of 45 % of coal as com- 
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pared with a good normal engine with 
open exhaust. 

A sketch of the engine is shown in fig- 
ure 30. 


1V. — Diesel locomotives. 
1, — History and investigations. 


The leanings of the Reichsbahn towards 
the Diesel engine are of comparatively 
old date. The first Diesel locomotive ever 
built, was tested by one of the predeces- 
sors of the Reichsbahn, to wit the Prus- 
sian State Railways, in 1913-1914. 

This engine was a (4-4-4) express pas- 
senger engine, the engine portion for 
which was built by Borsig while the 
Diesel motor was supplied by Sulzer. The 
four-cylinder Diese! motor was of V type 
and was installed in the center of the 
chassis; it drove a lay shaft below it 
which was coupled to the two driving 
axles by connecting rods. Jt was there- 
fore an engine with direct drive. Starting 
could not naturally be carried out by- the 
Diesel process as this calls for a mini- 
mum number of revolutions before the 
adiabatically compressed air is of a suf- 
ficienUy high temperature to ignite the 
oil spray. The starting of the engine with 
its train was therefore carried out by com- 
pressed air; this air was provided by a se- 
parate compressor driven by a small Diesel 
motor and served exclusivey to work up 
speed to about 25 km.( 15.5 miles) per hour 
so that the speed should he sufficient to 
permit the Diesel motor to take up ifs work 
on the Diesel process. In spite of this 
the starting power of the locomotive was 
so small and operation so difficult that 
nothing came of the experiment. This 
experience taught the drastic lesson that 
the Diesel engine alone was not suited for 
direct drive on a locomotive which must 


always start against load, much as direct 
drive was to be desired in the interests 
of simplicity and cheapness. 


The interest in Diesel vehicles however 
was not on that account dropped in Ger- 
many but found a second development in 
the shape of a Diesel-electric coach built 
by the then Saxon State Railways. 


In this instance the difficulties in start- 
ing were overcome as the Diesel motor 
with its generator could be started before 
the train was required to start and could 
provide a considerable starting effort. 


At the beginning of the twentieth year 
of this century as a result of increased 
appreciation of the necessity for heat 
economy, the effort to adapt the highly 
economical internal combustion Diesel mo- 
tor for locomotive work was again reviv- 
ed. The intention to build an engine of 
large type first came to head in Russia, 
as one of the oil producing countries. 
The connection of Germany with this 
effort came about from the fact that the 
contract for the construction of the loco- 
motive was placed in Germany (the loco- 
motive portion being placed with the 
Hohenzollern Works and the Diesel motor 
with the Augsburg-Niirnberg Company 
|M.A.N.}) and the Reichsbahn became 
in a position to be present at running 
trials made on a specially constructed set 
of test rollers which were fitted with 
brakes. The acceptance tests to be made 
on the Russian lines also provided oppor- 
tunities for attendance. The engine con- 
cerned was a Diesel-electric machine of 
the 2-10-2 type, the individual axles being 
driven by motors carried on bracketted 
bearings. In this case also as in the case 
of the motor coach mentioned above, 
starting difficulties did not appear and 
good regulation of tractive power and 
speed were easily possible, although they 
were purchased at the expense of an ex- 
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30, — Liffler-Schwartzkopff type locomotive with 420-at. (1707 lb. per sy. inch) boiler pressure. 
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pensive and complicated machine. It 
may be said at once that the trials gave 
the result that had been anticipated. The 
total useful output at the motor shaft 
was between 32 and 35 % from which the 
comparatively small electric transmission 
losses (less wiring losses) had to be de- 
ducted, with the result that the thermal 
efficiency at the tyre represented 27 %. 
Only air resistanee and journal friction 
therefore still remained to be deducted, 
of which the former would be of small 
amount at goods train speeds, so that a 
final total useful output of 25 % at the 
draw hook could be counted on. 


Some time before participating in the 
trials of the Russian locomotive, the 
Reichsbahn had occasion, in the early 
part of 1924, to investigate by means of 
accurate measurements with their dyns- 
mometer car, a small Diesel locomotive, 
which the Gérlitz Maschinenbauanstalt 
had built up of existing suitable machine 
parts, for the study of the Diesel locomo- 
tive question. In contrast to the trans- 
mission systems used for the engines pre- 
viously mentioned, this locomotive was 
designed for pressure gas transmission 
(pneumatic) in which the Diesel motor 
drove a compressor, the compressed gas 
from which was utilized to work an or- 
dinary locomotive mechanism. Exhaust 
gas from the Diesel motor was chosen in 
preference to pure air in order to pre- 
vent the possibility of the explosion of a 
combination of oil residue and oxygen 
from the air. The motor was a four- 
stroke engine of 100 effective H. P. such 
as are used for ships’ launches of the 
larger types; the output of the complete 
locomotive was comparatively small (about 
39.9 H. P.). 


In view of this small output and be- 


cause of the makeshift nature of the ma- -” 


chine, which at most could only demon- 


X 


sirate the practicability of the system, no 
great thermal efficiency could be expect- 
ed, and this was restricted to about 9.5 % 
at the draw hook. 

The basic idea however showed itself 
capable of giving results; the control- 
ability, which was equal to that of a 
steam locomotive, was good, and was ob- 
tained by means of the locomotive valve 
mechanism and the bye-pass of the com- 
pressor which latter played the role of 
the engine regulator. There was no dif- 
ficulty over starting as the Diesel motor 
and compressor could be run up before 
the train had to be started. 


2. — Diesel locomotive with hydraulic 
transmission. 


About that time (1924) the various firms 
interested in the Diesel locomotive com- 
menced very active investigations on the 
subject of the use cf hydraulic, or as it 
should more properly be called, oil press- 
ure transmission. Of these firms, the 
Linke-Hoffman Works of Breslau came 
to the front with a locomotive of 120 H.P. 
which they had built for shunting in 
their own works. 

In the so-called hydraulic transmission 
by oil pressure, the Diesel motor is start- 
ed while the pressure oil pump remains 
at rest; power is generated by bringing 
into use the secondary system which acts 
as the motor and regulation is effected by 
the variation of the subdivided secondary 
driving system. 

The advantage of being able to install 
the Diesel unit independently of the ma- 
chinery which drives the locomotive. 
wheels, which in practice results in the 
installation of that unit longitudinally in 
the engine housing, applies also to some 
extent to the hydraulic transmission, as it 
permits of undoubted freedom in the re- 
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lative positions of the Diesel engine and 
the oil motor. — 

The hydraulic system of transmission 
is being very carefully studied on a trial 
locomotive in addition to a locomotive of 
smaller dimensions which has been or- 
dered by the Reichsbahn. 

There>are at present under test : 

1. One small two-axle Diesel motor lo- 
comotive, fitted with a Diesel motor made 
by the Mannheim Motorwerke which is 
for use as a very light shunting engine; 

2. One six-coupled engine with axle no- 
tation ‘C, built by Henschel und Sohn, of 
Kassel, and the Gasmotoren-Fabrik, of 
Deutz, and fitted with an airless injection 
motor ; 

3. One C-1 type locomotive by the Linke- 
Hoffman Works of Breslau; 

4. One 1-B Diesel motor locomotive built 
by the Motor-Lokomotiven-Verkaufsge- 
sellschaft of Baden. 

The reports on the trials made with these 
locomotives can be summarised in a few 
words because the results of all of them 
have been alike, in that the efficiency of 
the hydraulic transmission in the shape 
of the Lentz gear, has not reached the 
pitch demanded by the Reichsbahn. The 
appreciably higher capital cost of the 
Diesel as compared with the steam loco- 
motive of equal power is not the only de- 
ciding factor; there is also the cost of the 
heat unit. For a smaller consumption of 
-ealories per horse power can be finan- 
cially outweighed and may even be nul- 
lified if the cost of the calorie obtained 
from oil costs many times that from coal, 
in other words when the price to be paid 
for power is greater than that of the com- 
parable steam locomotive. In Germany 
for instance gas oil costs three and a half 
‘times as much as coal. 
~The good points of the Diesel locomo- 
- tive cannot compensate for such a basic 


drawback. If one attributes to the Diesel 
engine a total thermal efficiency at the 
shaft of 382 to 35 % and demands an effi- 
ciency, between the shaft and the draw 
hook at low speeds, of at least 0.7 or over, 
then, if the locomotive design is to be 
represented as economical, the efficiency 
obtained at the draw hook, must be at 
least 22.4 %. 

As against this figure, the small 4 coup- 
led locomotive (160 H. P. motor) only gave 
a thermal efficiency of from 10 to 15 % 
depending on the load and which of the 
three gears was used, a result which 
found an analogy in the high fuel con- 
sumption which at best fell to 425 gr. 
(0.94 lb.) per H. P. at the draw hook. The 
larger Henschel-Deutz locomotive (300 
H. P. motor) reached with each of its two 
main change ratios a maximum total effi- 


- ciency of from 15 to 17.5 % and, though 


the transmission efficiency was somewhat 
better, it did not reach the figure de- 
manded. The 1-C Linke-Hoffman engine 
also showed no better result in the matter 
of thermal efficiency as it did not exceed 
17.5 % on fourth or fifth gear and, on 
third, did not exceed 15 %. A heat flow 
chart was worked out from indicator di- 
gram taken during the best run. The mo- 
tor utilized 42.2 % of the heat content of 
the fuel, but at the modest speed of 23 km. 
(14.3 miles) per hour, unhampered by 
any noteworthy air resistances, only 
17.5 % of the heat came to light as effec- 
tive output. The effective drawbar hook 
output represented only 42 % of the in- 
dicated output, while the steam locomotive 
shows a comparative figure of 90 7%; it 
must also be remembered that the inter- 
nal resistance of the 4-stroke Diesel motor 
is very much greater than that of the 
double acting steam engine. 


The smaller 1-B Mannheim engine 
(250-H. P. motor) also showed a total 
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efficiency of between 10 to 16.8 % with 
not less than two thirds of full load. 

The net result of all these trials of 
fluid transmission which the Reichsbahn 
undertook with great expectations, because 
there was something attractive in them, 
was in all cases an unexpectedly low effi- 
ciency in the transmission for motor to 
lay shaft. The Lentz transmission wavers 
between the Scylla of an unsatisfactory 
volumetric efficiency, which was shown 
by the tests to be below 50 % and the 
Charybdis of very high working friction 
because of the close spacing of the pump 
vanes. This results in high oil tempera- 
ture and the use of more power for run- 
ning the blower to carry off the heat. 
Designs had already been prepared for 
building a 1 000-H. P. Diesel locomotive, 
which was the largest size believed pos- 
sible with the Lentz gear, but were not 
proceeded with. 

3. — The Diesel locomotive with gear 

transmission. 


The Reichsbahn had proved in the 
course of several test runs it was able to 
make with the second Russian Diesel lo- 
comotive — an engine of the 1 E 2 type 
with toothed gear transmission — that 
the improvement in the gear transmission 
for larger locomotives, at one time only 
hoped for, might actually be achieved. 
In this locomotive the power from the 
motor is transmitted to the lay shaft by 
Krupp high grade triple toothed gear. 
The engagement of the various gears is 
effected by magnetic couplings. This 
locomotive working with medium and 
heavy loads at an even sustained speed 
has an efficiency calculated at the draw 
hook of 24.1 to 294 %. As was to be 
expected the high class toothed gearing 
at its best gave even better results than 
electric transmission. One disadvantage 


—at least in the view of the ‘Reichsbahn 


— is the restricted graduation of power | 


on account of there being three gear ra- 
tios, which causes too great a deviation 
from the usual tractive effort hyperbola 
as a function of the speed. At the higher 
speeds the proportion of output as com- 
pared with weight, was very much less 
than for the steam locomotive of equal di- 
mensions, even when the tender was taken 
into consideration. With a view to high 
efficiency, the Reichsbahn had under 
consideration a proposal for a gear trans- 
mission with an increased number of 
changes, but the idea was eventually given 
up on account of too great complication. 


4. — The Diesel locomotive with air 
pressure transmission. 


In 1924 the Esslingen Lokomotivfabrik, 
in conjunction with the Augsburg-Niirn- 
berg Maschinenfabrik (M. A. N.) were gi- 
ven a contract by the Reichsbahn for a 
2 C 2 Diesel locomotive with air pressure 
transmission. The gas pressure transmis- 
sion provided the same easy control by 
regulator and distributing gear as gave 
satisfaction in the case of the primitive 
Gorlitz experimental machine. Frankly 
this system gives inferior results to both 
toothed gear and electric transmission. 
This was to be expected after the results 
of the trials with the small Gorlitz assem- 
bly had been seen, because the efficiency 
of the compressor itself is less than that 
of a steam engine, and the efficiency fig- 
ure for the machinery driving the wheels 


has to be added to that of the compressor ~ 


unit. If however the heat in the exhaust 
gas, which is usually lost is utilized to 
still further considerably increase the 
temperature, by means of an air heater, 
we may expect to obtain about 25 % ‘of 
total thermal efficiency at the draw hook, 
at low speeds, in spite of inferior mechan- 
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ical efficiency as compared with high 
class gear transmission. The heating of 
the air is also desirable when it is used 
for operating the normal locomotive cyl- 
inders, because it obviates the unduly low 
temperature, in consequence of expan- 
sion, as a result of the quick fall in the 
air temperature. 

While the 1200-H.P. Diesel motor re- 
presents the normal M.A.N. design, the 
fast running compressor, with its high 
delivery and its small clearances, which 
are necessary for good volumetric effi- 
ciency called for numerous test bed 
trials, 
heater was only developed in its final 
form after trials on the test bed. Further 
experiments were required to determine 
if air could be used without fear of ex- 
plosions in the compressor or the loco- 
motive, caused by oil residues and the 
oxygen in the compressed air. It was 
because of these fears that exhaust gas 
was used in the small experimental Gér- 
litz locomotive. It is of course desirable 
that clean air should be used for power 
if at all possible, in order to prevent the 
introduction of dirt with the air. 

The very numerous experiments on the 
test bed, showed however, that the use 
of air was not to be thought of; safety 
valves were, in any case, fitted at select- 
ed points. All these trials make it ap- 
parent that the Diesel locomotive can on- 
ly be brought to perfection after many 
years work, : 

The compressor, clearances in which 


Kffective power output of engine . 
Indicated power output of engine . 
Revolutions per minute . 
Working air pressure . 


and for similar reasons the air. 


call for very small play between piston 
top and cylinder head, and therefore high 
class work in shop, is fitted with mecha- 
nically operated inlet and automatic deli- 
very valves which pass the compressed 
air, ata pressure of 7 at. (99.6 lb. per sq. 
inch) and a temperature of 200° C. 
(392° F.) into an air heater with a heat- 
ing surface of 82.5 m? (888 sq. feet) the 
body of which is divided into a number 
of sections, lying at the side of the main 
Diesel motor. The pressure of 99.6 lb. 
was chosen so as to be able to use a single 
stage compressor. It supplies propor- 
tionately large locomotive cylinders 
which have a diameter of 710 mm. (28 
inches) and can be worked with a cut off 
as low as 15 %. The piston valves of 
the locomotive itself are arranged for 
double admission and are operated by the 
customary Heusinger valve gear. 

In addition to control by this gear the 
working of the locomotive can be regulat- 
ed by the variation of the fuel supply: to 
the Diesel motor. For specially careful 
driving a regulator is provided. The lo- 
comotive is shown in figure 31. She has 
already been subjected to tests on the 
roller testing machine at Esslingen and 
these have fulfilled expectations. The 
accurate tests on the rails will follow, by 
means of the dynamometer car, during 
which the comprehensive apparatus in- 
stalled in it for thermal investigations 
will no doubt do good work in giving 
accurate analyses of the work done. 

The leading dimensions of the Diesel 
air pressure locomotive are as follows : 


Continuous. Short period. 
1 000 1200 E. H. P. 
1 350 1630 I. H. P: 

400 450 
6.5 at. 7 at. 


(92.4 Tb. per sq. inch) (99.6 Ib. per sq. inch) 
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Temperature at locomotive cylinder. . . .- 320° ©. (608° F.) 320° C. (608° F.) 

(approx.) (approx.) 

Tractive power at rail. . . . - - +s: 11 200 ker. (24 691 1b.) 
Diameter of Diesel cylinders. - - - - = - 450 mm. (17 11/16 inches) 
Stroke of Diesel cylinders. . . - - +: - 420 — (16 1/2 — ) 
Diameter of compressor cylinders. . . - - 640 — (25 1/4 = ol) 
Piston stroke of compressor cylinders. . .- 350 — (13 3/4 — ) 
Diameter of locomotive cylinders. . .. - 710 — (28 — ) 
Piston stroke of locomotive cylinders. . . . 650 — (25 5/8 — ) 
Driving wheels, diameter. . . . +--+: ; 1600 — (5) ft. 3) in:) 
Maximum speed . . - - + + + + + #1 80 km. (50 miles) per hour. 
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GROUPS OF SIDINGS (SUBJECT X FOR DISCUSSION AT THE ELEVENTH 
SESSION OF THE INTERNATIONAL RAILWAY CONGRESS ASSOCIA- 
TION) (*), 
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PREFACE. 


The German State Railway Company 
(Reichsbahn) has in addition to a num- 
ber of small marshalling yards, 118 yards 
with a daily throughput of 2.000 wagons 
and more. 

The existence of a great number of 
industrial centres in various parts of Ger- 
many has produced a close network of 
lines, the daily control of which requires 
an extraordinary amount of labour in 
shunting and which accounts for the 
large number of marshalling yards. No 


less than 25 % of the working costs of - 


the entire goods traffic is due to the 
making up of goods trains. A great part 
of the average time taken from loading 
until next reloading is absorbed by 
making up the trains in the marshalling 
yards. Whether operation will remain 
easy, even at times of heavy pressure, or 
whether, owing to any unusual increase 
in traffic, difficulties and delays will 
occur, depends chiefly on the efficiency 
of the marshalling yards. 

Owing to the importance of marshalling 
yards, the Reichsbahn attaches the great- 
est weight to their economical and effi- 
cient working. 


In increasing measure the Company has 
begun to use special appliances of a tech- 
nical nature to promote their develop- 
ment. Its endeavours to improve shunt- 
ing operations by mechanisation have 
been applied chiefly to the main hump 
zone, that is to say, those lines through 
which all wagons arriving must pass. In 
this direction much pioneer work has 
been done by this Company. 

It might therefore be of particular inte- 
rest to become acquainted with the con- 
ditions existing on the Reichsbahn in this 
respect. 


I. — General arrangements of 
shunting yards. 


The various shunting yards work un- 
der very different conditions: their 
duties vary to a great extent, the output 
is varied, the constructional arrangements 
of the groups of lines in their relation 
one to another and their gradients are 
of great variety; there are old and new 
yards, the latter not infrequently altered 
and enlarged in accordance with -the 
demands of increasing traffic. 


For these reasons the various marshall- 
ing yards differ very much in appearance. 

According to their gradients marshall- 
ing yards can be divided into yards with 
non-accelerating gradients, gravity yards 
and yards of mixed type. 


Non-accelerating gradient yards are 
those where the gradients are such that 
wagons will not begin to move by them- 
selves. The trains are pushed by loco- 
motives over a hump whence the wagons 
reach the sorting sidings by means of 
their own gravity. 


Gravity yards are those which are plac- 
ed on such a gradient that wagons can 
be moved anywhere simply by the effect 
of gravity. The wagons run with the 
usual stops from one group of sidings 
to another. 


Yards of mixed systems are those 
which have partly been constructed as 
non-accelerating yards and partly as gra- 
vity yards. ; 

Of the 118 shunting yards of the 
Reichsbahn 113 are non - accelerating 
yards, 3 gravity yards (Dresden-Friedrich- 
stadt, Nuremberg, and Chemnitz-Hilbers- 
dorf) and 2 are yards of mixed system 
(Engelsdorf and Duisburg-Hoch feld-Siid) 
(see table). 
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TABLE. 


Shunting yards with a throughput of 2 000 wagons per day and more. 


eee 


Total. 


Daily throughput. | 


Number 
. f - S 
rede 8 igh 20002999 | 30003999 | 4.000 
; basic systems. and more 
wagons. wagons, wagons. 
Single non-accelerating yard . 52 38 M4 3 
113 
| Double non-accelerating yard 64 27 42 22 
Gravity yard . 3 4 
Yard with mixed systems 2 4 { 


Shunting yards, apart from a few ex- 
ceptions, possess a common basic system 
consisting of the following parts : recep- 
tion sidings, hump zone, direction sidings, 
_ station sidings, and departure sidings. In 
the case of single marshalling yards these 
groups of tracks occur once only. The 
double marshalling yards possess these 
groups in both main directions. 

27 marshalling yards have a daily 
throughput of 4.000 wagons and more; of 
these 3 are single non-accelerating yards; 
99 are double non-accelerating yards, and 
2 are gravity yards. It will thus be seen 
that the greatest number of marshalling 
yards is of the double non-accelerating 
variety. 


JI. — Main hump zone. 


As a rule, the tracks are arranged in 
such a way that the trains are sorted out 
on arrival. The reception sidings extend 
out from the arrival lines. In between 
the reception sidings and the sorting 
sidings is placed in every instance a main 
hump zone. The latter is the vital part 


of the entire shunting yard. All wagons 
arriving must pass through this in order 
to run directly to the sorting sidings. In 
doing so the gravity of the wagon is used 
as the motive power. It is true that at 
certain less important yards ordinary flat 
shunting is employed; but this however, 
is exceptional and need not be taken into 
consideration. 


A. — Method of operation 
in non-accelerating yards. 


In a considerable number of non-acce- 
lerating yards the reception sidings and 
sorting sidings are at approximately the 
same level; between them as part of the 
main lay-out, there is both an incline and 
decline (hump). This arrangement has, 
however, the disadvantage that the train 
must be pushed up to the full height 
necessary for running down (see fig. 4). 

With other marshalling yards, the 
reception sidings are placed somewhat 
higher so that pushing over the hump 
is facilitated. (The height is reached 
by the kinetic energy of the arriving 
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train). As a rule there exists with this 
arrangement a small incline at the top. 
The object of this is to keep each wagon 
up against the buffers of the preceding 
one so that they can be more easily un- 
coupled (see fig. 2). 

In most cases the arrival sidings con- 
verge before reaching the hump so that 
only one or two lines pass over it (see 
fig. 3). In a few others all or part of 
the arrival sidings are continued as far 
as the hump and they only converge on 
the incline (see fig. 4). 

The trains, on arriving, are slowly 
pushed to the hump by means of a shunt- 
ing locomotive. Just before reaching the 
top — the wagons are uncoupled singly 
or in groups — according to their desti- 
nation. The detached wagons will then 
run down the incline by gravity. Their 
speed depends to an extent on the angle 
of the incline, and they will reach, in 
more or less close formation, their par- 
ticular siding, where they are stopped by 
skids. In this operation spaces occur 
between the wagons so that they still have 
to be pushed together to enable them to 
be coupled. Subsequently the trains or 
groups of trains, if they do not immedia- 
tely leave the sorting sidings, must be 
taken to special departure sidings where 
any final operations take place. Part of 
the groups of trains are previously sorted 
according to stations and subsidiary 
groups, this being generally done in a 
special station group. 


B. — Method of operation in 
gravity yards. 


In the case of gravity yards (which in- 
clude yards of mixed systems, the recep- 
tion sidings of which are arranged as in 
gravily yards) the reception sidings have 
rather a steep incline (generally 4: 100). 
The beginning (the highest portion) of 


the reception sidings are somewhat flatter. 
The main hump zone is formed in conti- 
nuation of the incline. As a rule the 
reception sidings are continued to the 
spot where the wagons are uncoupled and 
begin to descend by themselves. The 
lines converge on {he incline only. 

No locomotives are used for the shunt- 
ing of the trains. The train runs under 
its own weight as far as the beginning of 
the hump whence the uncoupled wagons 
run singly or in groups into the destina- 
tion sidings as in a non-accelerating yard. 
It will be shown later in detail how the 
shunting speed is regulated. 

From the sorting sidings the wagons 
will run — with the usual stops — into 
their station order and thence into the 
departure sidings. 


C. — Hump profile, height and arran- 
gement of points in the hump zone. 


The height and the profile of the hump 
in the main zone differ greatly at the 
various marshalling yards. The older 
hump zones are mostly lower and flatter 
than the new ones. 

Owing to the great differences at nor- 
mal-and low temperatures in the running 
resistances of the wagons, many shunt- 
ing yards are equipped with two humps 
side by side, but of different heights, 2. @. 
with so-called summer and winter humps. 
(see fig. 5). The reception: sidings are 
so arranged that the train can be pushed 
either over the summer hump or over 
the winter hump. The height of the 
summer hump is about 0.60 to 1 metre 
(2 ft. to 3 ft, 33/8 in.) less than that of 
the winter hump. 

When using efficient rail brakes the 
winter hump alone would be sufficient 
(see fig. 6), since the greater speeds 
which result with favourable tempera- 
tures can easily be taken up by the brakes. 
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In all the older layouts the incline is 
made up of a succession of gradients, 
commencing with 1: 25 to 1: 40, then 
4:50 to 4 : 100; further 4 : 100 to 4 : 200, 
and finally 1: 300 to 1: 600 or even 
flatter, until it reaches the sorting sidings. 

The points are mostly used on main 
routes (see fig. 7) and are frequently at 
a great distance from the hump. 

The modern hump zones begin with a 
steep incline of 1: (50== 4-25, thence 
to a gradient of 1 : 60 — 4: 80 and end- 
ing on the level or on a very slight 
incline. 

Much importance is attached to ar- 
ranging the points within as close a 


radius as possible (see fig. 8), the tracks _ 


being bunched together in such a manner 
that at each point there branches off, if 
possible, an equal number of tracks. 

It will be shown at a later stage why 
the development has taken this course. 
The efficiency of the hump zone is deci- 
sively influenced both by the height and 
profile of the hump and the arrangement 
of the points. For this reason all new 
layouts have been designed in accordance 
with dynamic theory. : 


D. — Hump yard dynamics. 


Difficulties arise owing to the dif- 
ference in the running resistance of the 
wagons and groups of wagons. Accord- 
ing to the law of dynamics descending 
wagons follow each other at equal speeds 
and at equal distances provided they are 
submitted to the same running resistance. 
The running resistances, however, vary 
even at normal temperature between ap- 
proximately 2.8 °/,, and 45 °/,, and at 
low temperatures between 5.6 0/59 and 
9°/,,. To this will have to be added the 
resistances due to curves and the air 
resistance which frequently increases 


still further the difference in the running 
resistance. 

_ Figure 9 will show the basic resistance 
for various wagons and groups of wagons 
at normal and low temperatures. 


Normal Low 
tempera- tempera- 
tures. tures. 


aS SS 
Basic resist-| Basic resist 
ance, in ance, in 


(lb./Engl. | (1b./Engl. 


ton). ton). 


Bad runner (4 empty co- 
vered wagon). . + - 


4.5 (10.0) | 9.0 (20.0) 


Good runner (1 loaded 
open top wagon) 


2.8 (6.3) | 5.6 (42.6) 
4.2 (9.4) | 8.4 18.8) 
2.5 (5.6) | 5.0 (11.2) 
4.0 (9.0) | 8.0 (48.0) 
2.4 (5.4) | 4.8 (40.8) 
3 9 (8.7) | 7.8 (17.4) 
2.2 (4.9) | 4.4 (9.8) 


2 empty covered wagons. 
2 loaded open top wagons. 
3 empty covered wagons . 
3 loaded open top wagons. 


5 empty covered wagons . 


5 loaded open top wagons. 


Fig. 9. -- Values of basic resistances. 


Figures 10 and 44 clearly illustrate the 
amount of track and curve resistance €x- 
pressed in resistance height. 

Figure 12 will show to what extent the 
air resistance depends on the relative 
speeds of the wagons. 

Owing to the different running resist- 
ances the wagons acquire different 
running speeds and distances. In order 
to traverse the danger zone (#. e. the dis- 
tance from the hump to the last point) 
each truck requires a different running 
time, a feature which is the cause of 
much trouble in shunting operations: 


1) Requisite height of hump. 


The distance which a wagon runs de- 
pends on the height of the hump and the 
running resistance. 


kgr./tonne | kgr./tonne |} . 
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It is almost completely independent of 
the speed at which a wagon travels or of 
- the time it runs. In short, the running 
distance is almost independent of the 
design of the gradient. 

The distance which a wagon runs varies 
within very wide limits on account of the 
running resistance. The, differences are 
particularly great at high and low tempe- 
ratures (beginning at about — 4% C 
[24.8° F]) and also where the wind is 
with or against the wagon. 

How high should .the hump be ‘built? 

To-day the general rule is to choose the 
height of the hump so that the bad run- 
ners in unfavourable weather will run at 
least 100 m. (328 feet) into the sorting 
sidings. By unfavourable weather is ge- 
nerally meant : low temperature and ab- 
sence of wind, and in special cases when 
the yard is frequently exposed to head 
winds : low temperature with head winds. 

In the event of two different humps 
being provided, the summer hump may 
be of smaller dimensions. 

When deciding between one hump or 
two different humps for the reception 
sidings, one must, however, take into 
consideration that continuous working 
ean only be accomplished if care is taken 
that the time between the running down 
of the last wagon of one train and that 
of the first wagon of the following train 
is practically nil. This can only be done 
if at least two humps of equal height 
which can be used alternately are availa- 
ble. Whilst one train is being shunted 
the next can advance towards the top, so 
as to begin shunting as soon as the last 
wagon of the previous train has started. 

In calculating the height of the hump, 
one generally leaves out of account the 
gradient of the sorting sidings. 

The theoretical calculation of the neces- 
sary height generally results in a high 


hump, which in the majority of runners 
gives too great a speed. One is thus 
forced to install efficient rail brakes 
which will have no difficulty in braking 
any excessive speeds. 


2) Maximum speed of shunting at 
reception sidings. 


The efficiency of ‘the hump zone is 
made all the greater by the rate at which 
the trains are shunted. 

This speed, however, must not be so 
great that the various wagons will foul 
cach other in the danger zone or that 
there will not be sufficient time to throw 
the points between them. 

The theoretical shunting time — ex- 
pressed. by the difference in time between 
each wagon at its centre of gravity, at 
the ‘point of descent — is determined by 
the following equation : 


to = At + bs, 


wherein At is the running time differ- 
ence between a bad runner and a good 
runner and ¢, is the time during which 
the points are occupied 4. ¢. the shortest 
interval in which one wagon may be fol- 
lowed by another. 

If one expresses the classification work 
in terms of shunting speeds v, one ar- 


rives at the relation 0) = 


Le in which 
to 
L, is the length of the wagon. 

From this equation it can be seen that 


-a large number of cuts can only be dealt 


with by reducing the running time dif- 
ferences as well as point occupation time 
to the smallest figure. 


3) Reduction of the running time 
differences. 


The necessity for keeping the running 
time differences as low as possible is 
looked after in all new installations by 
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level portion or to a very slight decline. 
In this manner a useful profile is ob- 
tained over which the running time of 
the wagon is small wthout the speed 
being excessive. It is not theoretically 
the best profile, but this would require 
a gradient which, from the point of view 
of the safety of the traffic would appear 
to be undesirable. . 

Another law of dynamics shows that 
the running time differences increase 
with the distance from the starting point 
(see fig. 14). It follows therefrom that 
one should aim at a very small danger 
zone. 

Therefore, with new installations the 


Ablaufprofit 


Fig. 14. — Running time differences increase 
with the distance run, 
Bxplanation of German terms: Ablaufprofil = Profile of 


incline. — Ahblaufpunkt = Top of incline. — Laufzeitunter- 
schied = Running time differences. 


the selection of a suitable profile, a sui- 
table distribution of the points and effi- 
cient rail brakes. 


According to the laws of dynamics the 
running time differences become smaller 
as the speeds increase (see fig. 13). In 
order to give the necessary speed to the 
wagons as quickly as possible the hump 
begins with a steep gradient (1: 15 — 
1: 25) and the running resistance is then 
of not much importance. The wagons 
can therefore follow each other in closer 
succession because they run more uni- 
forily. 


The steep portion of the gradient 
should be extended at least so far as to 
give the wagons a maximum speed of 
5 metres (46 ft. 5 in.) a second. 

In order that they may reach the steep 
gradient as quickly as possible, the radius 
of the hump is made as small as possible. 
So that locomotives can pass over the 
hump, its radius is usually not less than 
300 m. (984 feet). 


The hump gradient should be followed 
by an intermediate gradient (1: 60 — 
1: 80) before it finally passes into the 


first point is brought close to the hump; 
the points are kept close together and 
the tracks are bunched together (see 
figs. 15 a, b and 16). 

The layout should be made as syme- 
trical as possible in such a manner that 
from each point an equal number of lines 
branch out. By so doing one obtains the 
advantage of keeping the points within a 
small radius : the majority of the trucks 
will pass over those points nearest the 
hump so that most wagons will only have 
a short travelling distance together with 
small differences in their running times. 
This advantage could still be increased 
by the efficient use of the sorting sidings 
in such a manner that only a small pro- 
portion of the cuts would pass over the 
furthest points. 

The arrangement of the points, how- 
ever, is affected by the installation of rail 
brakes. On principle one ought to con- 
nect as few tracks as possible to one 


brake, but as efficient rail brakes are 


still comparatively expensive there must 
be some limit to this procedure. There 
should not, however, be too great a dis- 
tanee between the points and the brakes. 


txplanation of German terms: Beiriebsturm. Stellwerk u. Bremsensteurung 
Automatic points. -- Sommerberg = Summer hump, — Winterberg = Winter hump. 
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Fig. 15a. — « Balloon » type sorting sidings of the marshalling yard at Bremen. 
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Fig, 156. — View (taken from control tower) of left half of the sorting sidings al Bremen. 
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Proposed marshalling yard at 
Zwickau. 
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Fig. 16. — « Balloon » type sorting sidings ina gravity yard. 


Explanation of German terms: 


Anfahrt vom Ausbesserungswerk = 


Arrival from repair shops. — Binfahrten = Arrival lines. — Lokomotiv- 
abfahrt = Locomotive departure line. 


Tt should also be mentioned that stan- 
dard turn-outs are still normally used. 
Close study of the question has revealed 
that although certain advantages are ob- 
tained by the use of sharper angled 
points, not much length is gained for 
shortening the danger zone. 


4) Reduction of the time during which 
the points are occupied. 


In a previous paragraph it has been 
shown that in order to obtain a large 
throughput the time during which the 
points are occupied should be as- small 
as \possible. 

This period is affected by the method 


of working and design of the point oper- . 


ating gear. 

If the points are worked by a points- 
man the following details are of impor- 
tance : 


1. The period of occupation t,, i, e. the 


time during which the front axle passes 
over the tongue of the point, and the 
trailing axle leaves it. 


2. The throwing time ty, i. e. the time 
which is necessary for throwing the point, 
commencing with the throwing motion of 
the operating device and ending with the 
final position-of the tongue of the point. 


The blocking time ¢, then is : 
ts = l; = bi. 


The throwing time ¢, is very small 
when the point is actuated by a device 
erected close to the point. It will then 
amount to only 0.5 to 0.7 second. This, 
however, requires a large staff and there- 
fore as a rule point frames have been 
constructed which generally actuate all 
the points, or at least a considerable num- 
ber of them. The mechanical locking 
frames which are worked by rodding are 
somewhat better than those worked by 
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wire. In the former case the throwing 
time is 1.5 to 2.5 seconds and in the iet- 
ter 2 to 3 seconds. With power locking 
frames the throwing time is chiefly de- 
pendent on the speed of the point gear. 
Mostly it is about 2.5 seconds. 


In view of the enormous bearing which 
a high speed point operating gear has 
on the time during which the points are 
occupied, when power locking frames are 
in use, efforts have been made to pro- 
duce point operating gears of extraor- 
dinary speed and success has been attain- 
ed by reducing the throwing time to 0.5 
to 04 second which has meant a very 
great improvement in the shunting speed. 
At a number of the newly erected or re- 
built frames similar point operating gear 
has been used with good results. 


The theoretical time for point occupa- 
tion resulting from the above mentioned 
throwing time cannot be obtained in 
practice; it will be greater because the 
pointsman requires a certain time for 
reading the cut card and is unable to 
‘judge accurately the right moment for 
throwing the points — especially when 
they are distant, and he is bound to 
work on the safe side. 

It meant, therefore, a further impor- 
tant step towards perfection when auto- 
matic frames were designed by which the 
throwing of the points by the wagon itself 
was made possible. By this means the 
foremost points through which the majo- 
rity of the wagons passed could be made 
automatic, the time of point occupation 
being, therefore, reduced to a minimum. 


When the points are-controlled by the 
wagon itself the point is locked by an 
insulated rail of a length i (insulated 
length) which length, measured from the 
last axle of the preceding vehicle to the 
first axle of the following, must remain 
clear to enable the point to be thrown 


between the two vehicles. The insulated 
length begins at such a distance from the 
point of the tongue that a wagon requires 
as much time to travel from there to the 
point of the tongue as the throwing time 
of the switch; it finishes at the point 
tongue. The greatest locking time 
therefore amounts to : 


i--a 


Umin 


t= 


wherein a indicates the wheel-base and 
Umin the slowest wagon speed in the 
insulated length 7. 

With these formulas one is in a posi- 
tion to determine exactly whether an 
automatic installation will be successful 
and thus can decide in advance whether 
it will work economically. 


5) Operation of rail brakes. 


The running time differences of the 
wagons can be still further diminished by 
using rail brakes which enable one to 
increase the running time of a good run- 
ner so that it approximates that of a bad 
runner. The method of braking which 
merely serves this purpose may be called 

“for short interval braking. 

In the older yards skid brakes are used; 
in some yards, more particularly the 
modern ones, rail brakes with distant 
control are in use (a more detailed des- 
cription of the various kinds of rail 
brakes will be found below). 

The rail brakes are generally so ar- 
ranged that each wagon during its travel 
through the danger zone passes through 
only one brake. 

It is a moot point where and how many 
brakes should be installed. 

If the brakes are placed a short dis- 
tance below the hump (hump brake) it 
is theoretically possible to do away with 
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the running time differences by light 
braking, because even a small amount of 
braking within the low speed area pro- 
duces considerable retardation. A fac- 
tor of difficulty in « interval braking » 
in this position is that the brakesman is 
not able to judge with certainty the run- 
ning capacity of each wagon. 

However, by placing the rail brake at 
the foot of the hump or in the middle of 
the point zone (« valley brake ») the 
running time differences can also be 
done away with theoretically and the 
brakesman can observe the wagon during 
its travel towards the brake and thus esti- 
mate its running capacity. It is, how- 
ever, necessary that at this position a 
more or less large portion of the mo- 
mentum of the wagon should be absorbed 
by the brakes in order to produce a suf- 
ficient reduction in speed and thereby an 
effective retardation of the good runners, 
as the speed is only reduced in propor- 
tion to the square root of the kinetic 
energy. : 

There is also a further point to be re- 
membered if one wishes to determine the 
best position for the rail brakes. On the 
higher gradients the heavy good runners 
attain such a momentum that very often 
they can only be stopped with great diffi- 
culty in the sorting sidings. Therefore 
it is useful and even necessary to brake 
these wagons beforehand so that they may 
be stopped more easily. The braking 
which has this only for its object may be 
called for short advance braking. For this 
purpose the « valley brakes » are very 
suitable, because a heavy wagon can be 
deprived of a considerable portion of its 
momentum within the high speed area 
without the running time being influ- 
enced in the same degree because the 
kinetic energy is reduced in proportion 
to the square of the speed. 


Furthermore, with high humps and 
steep gradients and points within a small 
area, the importance of interval braking 
is not so great, as dangerous running time 
differences will only occasionally occur. 

One is thus forced to the conclusion 
that the valley brakes should be preferred 
to hump brakes in order to carry out, 
firstly advance braking and secondly, — 
if still necessary — interval braking. 

If the advance braking can be done so 
effectively as to make subsequent braking 
in the sorting sidings unnecessary i. e. if 
the brakesman brakes the wagon in the 
valley brake so much that it comes to a 
stop at the desired spot, this would be 
distance braking, therefore, the brakes- 
man will always have to estimate the 
braking effort necessary according to the 


distance the wagon has to run and the - 


running qualities of the wagon. This, of 
course, makes good powers of observa- 
tion and judgment necessary. 

It is evident that the perfect braking of 
each wagon will then only be successful 
if the brakesman does not have to take 
into consideration either the preceding or 
the following wagon. The best position 
for such brakes would therefore be be- 
hind the point zone, but for this there 
would be required as many rail brakes as 
there exist sidings. The installation 
would thus become-very expensive. If it 
is desired to work with fewer rail brakes, 
a midway solution will have to be decided 
upon which will furthermore allow inter- 
val braking as well as distance braking. 
In principle distance braking is easier the 
nearer the rail brakes are to the last 
points. 

How far can one count on the possibi- 
lity of distance braking with brakes si- 
tuated within the point zone? In the 
first plaee all cuts which diverge before 
reaching the brakes can be braked accur- 
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ately without difficulty. With a good 
point lay-out and even when using a few 
rail brakes, these may form a high per- 
centage. Further, one can count on all 
wagons with approximately the same dis- 
tances to run from the hump or with 
equally short distances to travel in adjoin- 
ing routes (i. e. cuts parting at the first 
point after braking) being accurately 
braked without much difficulty because 
anyhow the speed of shunting cannot be 
so much increased that there remains no 
margin. 

There remain therefore only a few un- 
favourable cases (for instance good run- 
ners with a short way to run followed by 
bad runners having to run far, also 
diverging of the cuts at one of the last 
points) where distance braking will in- 
terfere with interval braking. In such 
eases the skid operators, who are working 
in the sorting sidings and who are warn- 
ed by the cut cards or by hooter signals, 
will see to the final braking. 


It should nevertheless be kept in mind . 
that the gradient must be suitable for 


distance braking and that the point zone 
behind the rail brakes must be level be- 
cause in each case the wagons which have 
been braked for the correct distance will 
traverse this part of the danger zone more 
uniformly. Even a wagon which may 
have been braked for a near destination 
must leave the brake with a comparatively 
high speed in order to reach the same 
because on the level it loses more in 
kinetic energy than on the incline. The 
following wagon can therefore not so 
easily catch up. 

Therefore there is no doubt that one 
may be assured that provided the layout 
is properly schemed, accurate distance 
braking is possible and that it will result 
in economies in skid operators and in 
closing-up work in the sorting sidings 


The existing installations at Hamm, 
Bremen and Duisburg-Hochfeld-Siid con- 
firm the foregoing remarks 

Thought has also been given to the 
removing of the existing differences in 
running factors by a method which would 
be the counterpart to the rail brakes, 7. e. 
by means of an « accelerator apparatus » 
by which the running qualities of the bad 
runners are brought up to those of the 
good runners. Instead of making the 
humps very high and braking the excess 
energy the humps could be kept lower 
and any further effort could be supplied 
by an acceleration plant. The Deutsche 
Reichsbahn has made this experiment by 
installing at the marshalling yard in 
Osnabriick an accelerator designed by the 
Gesellschaft fiir Oberbauforschung (a 
full description will be found below). 


E. — Protection against wind. 


The efficiency of the shunting yard 
is often diminished by strong winds. 
More particularly is it so with the older 
installations with the ladder layout of 
points and a low height of hump, which 
suffer from contrary winds. An effec- 
tive counter measure is offered by the 
erection of wind protection structures 
of which the Reichsbahn is already mak- 
ing use to a considerable extent (see fig. 
17). 

We distinguish between the two kinds 
of wind protection namely : natural and 
artificial. 

In order to obtain natural protection 
from winds, poplars are used almost ex- 
clusively; they stand at a distance of, 
about 1.25 m. (4 feet) from one another 
when planted in a single row and about 
2 m. (6 ft. 6 3/4 in.) in a double row. 

It takes from 8 to 10 years before the 
plantation becomes effective. The pop- 
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Kind of protection. 


Division. Marshalling yards. Length. | Width. Plantations. 


Metres Metres P = Poplars. 
(feet). (feet). S = Spruce. 


Leen ee a eae a ET a Ne 
Altona . . = | Bidelstedt!./ 9) “5 2 au) ee aol ee 600 P 
Flensburg-Weiche . . - - - - : A ne 200 P and S 
Berlin. . < Wiastermatk ny scene ane sire 200 P 
Breslau... .- Schiauroth: . » 9:5. Nee cee Nee 200 P . 


Elberfeld . . . Geisecke.. 2 e hance certo ne Bs 900 P 

Holzwicked’-". ©. “aleeet ) ace ae oe 2% 300 P 
Eirfurte 2 os Gotha... °s. 2 .. Theta ate 300 P 
Frankfurt (Main) | Bebra . 


Fulda 

Giessen . 

Falkenberg HSG. 

Leipzig-Wahren . 
Karlsruhe. . . Mannheim. 

Karlsruhe . 
Magdeburg . . | Halberstadt 


Oschersleben (Bode). 


Magdeburg-Rothensee . 


Magdeburg-Buckau . 


WE Ae ieee om Mannheim- Waldhof. 
Oberlahnstein. 
Minster . . . Osnabriick. 


Papenburg. 
Rheine . 
Oldenburg. . . | Oldenburg. 


Osten . . . . | Frankfurt (Oder). 
Neu Bentschen . 
Stettink, cs <j cr Pasewalk . 


Stralsund . 


Templin 


Fig, 17. — List of existing wind protection installations. 


vee? 


Fig. 48. — Wind protection installations in marshalling yard at Giessen. 


Jars will then have reached a height of 
about 45 m, and they are consequently 
suitable for giving protection at fair dis- 
tances, i. e. to entire groups of tracks. 

Artificial protection against wind is 
obtained from lattice screens which break 
up the wind but do not. affect visibility 
(thus keeping the visibility of the yard 
good). 

A good efficiency in protection is ob- 
tained when the laths and interstices be- 
tween them are of equal width (reduction 
of wind speed by about 40 to 60 % and 
of pressure by 60 to 80 %). The laths 
should measure about 5 to 8 cm. (2 to 
8 1/8 inches) in width and about 3-5 cm. 
(1 3/16 to 2 inches) in thickness. 

The screens are generally constructed 
longitudinally but they may be made 
crosswise if necessary (see fig. 18). 


1—23 


These screens are mostly placed at right 
angles to the direction of the most unfa- 
vourable wind and if possible close to the 
track. Care should, however, be taken 
that no surfaces be offered to winds in 
either direction which would have the 
effect of guiding the wind against the | 
direction of shunting. For this reason 
the wind screens are mostly placed stag- 
gered. The view of the control tower and 
the shunting staff must not be obstructed 
(see plan according to fig. 19). 


Ill. — Auxiliary means for regulating 
the humping speed. 


A, — Yards with non-accelerating 
gradients. 


In yards with non-accelerating gra- 
dients the trains to be shunted are pushed 
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over the hump by steam locomotives. We 
have seen that the maximum humping 
speed is the measure of the efficiency ofa 


tions, however, it is not easy to operate 
at the maximum speed, and thereby fully 
to take advantage of the possible effi- 
ciency. 


shunting yard. Under working condi- 


. Beuspiel fir die Ruprtellung Anlage 6 : 
2 ‘ras den bhi 
3 fp Tarmeely Peden tach etrsat Paps wise 


Tind anf Grand ven Sexfecsrsbangen 
mifelt fiir 


Bezeichnungen: 


cmeerorenenenermnens m= Lingsyiter(thndzann) 

penis = eury iter (Windschirm) 

CEEEDEDIE ~ Feviresze Bypslanyflantang 
= Lagenlan Mafrstes 41000 — 


Fig. 19. — Diagram of wind protec'ion installation. 
Explanation of Germun terms: Top: Beispiel fiir die Aufstellung. — Ver- 
merk, etc. = Example of installation: Wind directions impeding shunting by 


gravity are given for the different seasons of the year the following average 
values: Easterly winds... 20 %; Northerly winds... 15 %; North-easterly... 15 %. 


— In the sketch: Standort des Rangierleiters = Head shunter’s post, — Brems- 
turm und Stellwerk = Control tower (points and brakes). — Lichtlinie = 
Limit of sight. — Gleisbremsen = Rail brakes. — Bottom : Tangegitter (Wind- 
zaun) = Longitudinal wind screen. — Quergitter (Windschirm). — Cross wind 
screen. — Zweireihige Pappelnanpflanzung = Double row of poplars. — Lage- 
plan Masstab... = Scale 1/1000. 

a) Stop. . b) Push slowly. c) Push at 


moderate speed. 


Fig. 20. — Three-aspect hump signal. 


Let us now examine the devices which equipped with an optical signal (signal 


are available to the head shunter for regu- 
lating the humping speed and in which 
direction efforts are being made to obtain 
perfect regulation. 

Generally the marshalling yards are 


No. 40 of the Signalling Regulations) 
which is able to indicate three signals : 
« Stop », « Shunt slowly » and « Shunt 
at moderate speed » (see figs. 20 and 21). 
This signal gives the same indication by 
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Fig. 24. — Hump signal (arm type). 


_ day as by night. In front of a black 
dise there rotates a white arm which is 
curved parabolically so that it can be 
illuminated at night time by means of a 
lamp. The three signals are given by 
moving the arm to a horizontal, slanting 


Fig. 22. — Hump signal «daylight type). 


or vertical position. This signal is gene- 
rally at the top of the hump near the 
head shunter’s hut. For safely this signal 
is often provided with an electrically ac- 
tuated « stop » device which can also be 
operated from the control tower. 
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In order to be able to transmit messages 
equally well during mist or fog, acoustic 
signals are used as well the shunting si- 
gnal. Along the reception sidings, up- 
rights at fairly long intervals [80-100 m. 
(262 to 828 feet) |, are erected which 
carry bells, or, which is more effective 
still, hooters. It is useful to mention 
here the « tyfone » of the Germania 
Shipyard (Kiel) which consists of a 
diaphragm loud speaker worked by air 
pressure. The optical shunting signal is 
frequently connected. with the - acoustic 
signals making the latter sound at each 
change. 


In order to be able easily to erect and 


operate signals which indicate the same 
as the main shunting signal, alongside 
the reception sidings, the method of mak- 
ing ihe shunting signal a daylight signal 
has been recently successfully adopted (see 
fig. 22). Horizontal, slanting and verti- 
cal « strips » of light are formed by sepa- 
rata lamps, and the electrical operation 
of the signal is exceedingly simple. 

The optical and acoustic signals have 
generally proved their worth; however, 
for frequent and accurate regulation of 
the shunting speed they are not sufficient. 
In order to make regular shunting pos- 
sible it is not only necessary to adjust the 
speed to the temperatures and winds pre- 
vailing at the time, but also to do it 
during humping, owing to the presence 
of good and bad runners, whether the 
cuts run singly or in groups, and whether 
the cuts have long or short distances to 
travel. The running time differences 
depend on all these factors which for 
their part determine the possible maxi- 
mum of the shunting speed. 

For this reason efforts have been made 
for some time to construct economically- 
sound devices which will communicate 
the orders direct to the humping engines; 
two types of wireless installations have 


been successful; the Lorenz system and 
the Telefunken system. 

With the Lorenz type (makers: C. Lo- 
renz A.-G., Berlin-Tempelhof) the or- 
ders are communicated by hooter or bell 
to the driver’s cab of the humping loco- 
motive. The head shunter by pressing a 
key closes a circuit which is formed by a 
wire and earth. The wire is insulated and 
is carried on poles alongside the reception 
sidings and the current is supplied by a 
dynamo generating alternating current. 
By this means electro-magnetic fields are 
formed which emanate from the wire. 
The fields excite a smal! frame aerial on 
the locomotive (see fig 23a). This is 
connected to an amplifier similar to the 
radio apparatus (see fig. 23b) which pro- 
duces sounds in a loud speaker (hooter). 
This offers the possibility, by using a 
number of Morse signals, of obtaining 
exactly defined speeds for shunting so 
that the personal judgment of the engine 
driver comes but little into question. The 
Lorenz system is working in the yards at 
Erfurt, Halle, Saalfeld, and Hamm. To 
enable the engine driver to keep strictly 
to the desired speed, it is expedient to 
equip the humping engine with a speedo- 
meter which will accurately indicate the 
low speeds which obtain during humping. 
At the marshalling yard in Hamm Deuta 
speedometers are successfully used. 

With the Telefunken type (Telefunken 
Gesellschaft fiir drahtlose Telegraphie, 
Berlin S. W. 11.) the transmission of 
orders takes place by means of wireless 
telephony (see figs 24 and 25). The first 
trial installation was made at the Berlin- 
Pankow marshalling yard. From his 
usual position, the head shunter passes his 
orders telephonically to the humping en- 
gine which is equipped with a receiver 
and loud speaker. A wire serves as the 
reception aerial and is strung between the 
chimney and the cab. A Telefunken 


Fig. 23a. — « Lorenz » wireless installation. 


installation is used with very good success 
at the marshalling yard in Duisburg- 
Hochfeld-Siid for giving orders from one 
point to all the shunting engines in the 
yard. 
Wireless installations have the advan- 
tage that orders can be broadcast any- 
where and can be carried on quite inde- 
pendently of the weather and light con- 
ditions. Nevertheless there remain vary- 
ing time intervals between order and exe- 
cution caused by the degree of receptivity 
of the engine drivers themselves and the 
impossibility of determining and execu- 
ting alterations in speed within small 
limits. It would therefore be best if the 
head shunter were personally and directly 
to control the humping so as to get the 
fullest efficiency out of the yard. As 
- early as 1925 the Railway Company’s dis- 
trict administration at Munich intended, 
on the occasion of the Munich Travel Ex- 
hibition, to make trials with a distantly 


Engine wilh frame antenne. 


controlled Diesel locomotive, but the idea 
has not materialised There has lately 
been some talk about experimenting with 
a distance controlled electric locomotwe. 

The distant control is only to take effect 
during the shunting proper by means of 
the well known Leonhard circuit. The 
reception sidings are equipped with an 
overhead line which supplies current to 
the locomotive during shunting. In order 
to enable the electric locomotive to run 
over such tracks as have no overhead line, 
it is to be provided with accumulators 
which will be continuously charged by 
means of a Diesel motor. The locomotive 
is to be manned by one person only. 

From this electric locomotive not only 
does one expect advantages in working by 
accelerating shunting by means of an ac- 
curate regulation of the shunting speed, 
put also economic advantages as regards 
the annual working and maintenance 
costs. 


Fig. 236. — « Lorenz » wireless ifstallation. Amplifier with hooter. 


Fig. 24. — » Telefunken » wireless installation. Locomotive with antenne. 


B. — Gravity yards: 


In gravity yards (and yards with mixed 
systems of gravity sidings) no shunting 
locomotives are used, the trains to be 
shunted owing to the gradient of the re- 
ception sidings, roll down automatically, 
and are brought to the commencement of 
the incline whence the uncoupled trucks 
run singly or in groups into the sorting 
sidings as in non-accelerating yards. 

The train generally is manned by a few 
brakesmen who carry out the braking 
operations in accordance with the signals 
from the head shunter. However, by 
this method the speed of the train can 


only be varied very slowly because the bra- 
kesmen do not receive the signals quickly 
enough, and the braking effect is also 
variable, The wireless installations which 
have been successfully tried for the trans- 
mission of orders in non-accelerating 
yards are unfortunately not suitable for 
gravity yards on account of the brakes- 
men being in various parts of the yard. 

The Reichsbahn has therefore proceed- 
ed to construct shunting apparatus which 
would remove this disadvantage. These 
are the rope shunting yards and the gra- 
vity rail brake installation. The chief 
point of these devices consists in the con- 
trol of the humping speed being placed 
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in the hands of one man only, the head 
shunter, who is posted at the point where 
the humping begins and who can watch 
the working of the train and also the 


progress of the wagons. By doing this, 


the humping speed can be varied quickly 
and safely and can be well adapted to 
prevailing conditions. 


Fig. 25. — « Telefunken » wireless installation. 


The first distant controlled rope shunt- 
ing yard was started in 1928 in the mars- 
halling yard at Dresden-Friedrichstadt. 
It was constructed by the firms of Ernst 
Heckel, Gesellschaft fiir Férderanlagen, 
Saarbriicken. as regards the rope installa- 
tions and the Gesellschaft fiir Oberbau- 
forschung, Berlin, as regards the elec- 
trical portion. 

The basic idea of the installation is 
the following: The descending train is 
attached to a rope truck by means of a 
« hook » and is started by the slackening 
of the rope truck which is clear of the 
loading gauge, moves on a special narrow 
gauge track between the rails and is pre- 


Loe>motive receiver with battery. 


vented from lifting by weights and a 
special guide : it is attached to an endless 
rope which is run between the rails. The 
rope is taken over a stationary engine so 
that thereby considerable braking effort 
is applied to the train to be shunted, or 
if necessary even a slight pressure (acce- 
leration) can be effected (see figs. 26 a/b). 

Before the descent of the last wagon, 
the hook is uncoupled (see fig. 27a). 
It then rests free of the loading gauge on 
a small « hook » truck which is joined 
to the rope truck (see fig. 27 b); the 
rope truck can therefore be safely brought 
back under the next train to be shunted. 
In order to save costs separate endless 
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Fig. 26a. — Rope shunting yard at Dresden-Friedrichstadt. 
Rope truck. 


Fig. 266. — Coupling the rope truck. 


Fig. 276. — Hook in « off » position. 


4 = Abloufuorbereitet, Gewicht swagen steht oben 
2 — Ablouf. Gewichtswonenfithrd talwarts 
3 = Aofechrender Zug, Gewichtswagen steht unten — | 
) ro) 4 = Aingefhrrecier Zug, Gewichkswagen fihré berquarts | Antriebe flr Seilzige U3 und 44 
| 5 = Maschinen ~Rickfahrglets | 


Spanngewichte 


1s hi i 
————S=S SSS See 
= 5 =— 


_Deichselwagen 


Ckilablaufanlagein Dresden -Frie drichstad? —=— 
Prinzipskize 


Fig. 28. — Rope shunting installation at Dresden-Friedrichstadt. 
Theoretical sketch. 


Beplanation of German terms: Ablauf = Incline. — Antriebe fiir Seilziige 1/3 
und 2/4 = Driving gear for cuts 1/3 and 2/4. — Dechselwagen = Hook- 
truck. — Drehweiche = Change-over point. — Federn = Springs. — Gewichts- 
wagen = Truck carrying weights. — Spanngewichte = Tension loads. 

Prepared for descent, weight-carrying truck in uppermost position. 
Descent, weight-carrying truck runs downhill. 

Ascending cut, weight-carrying truck” down. 

Cut well on gradient, weight-carrying truck runs uphill. 

Machines — Return track. 


onde 
Huw wd 


Fig. 29. — Control cabin of rope shunting yard, Dresden-Friedrichstadt. 
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ropes have not been provided for each 
track, but two tracks are coupled together 
(track 1 with 3 and track 2 with 4) (see 
fig. 28). When the rope truck allows a 
train to descend and travels downhill, the 
rope truck in the corresponding track will 
travel uphill. Whilst one train descends 
the next one on the neighbouring track 
can be prepared, and brought to the point 
of descent, thus making continuous oper- 
ation possible. The operator’s stand is 
in an overhead signal cabin (see fig. 29) 
above the sidings, which provides an 
excellent view. The head shunter faces 
the reception sidings and he can see the 
sorting sidings in a mirror. Control is 
effected by the Leonhard circuit which 
gives the advantage that the speed can be 
controlled independently of whether it is 
necessary to brake or to push. 

The apparatus works faultlessly; it has 
not failed even under unfavourable wea- 
ther conditions. 


At present a second rope plant is being 
erected at Chemnitz-Hilbersdorf and as 
the reception sidings are placed in a un- 
favourable incline, it is frequently neces- 
sary to provide considerable’ pressure 
during shunting. The coupling device is 
so designed that the pressure acts on the 
buffers. If is to be expected that this 
installation will give a considerable in- 
crease in the throughput for Chemnitz- 
Hilbersdorf. 

A yard with brakes near the top of the 
hump was arranged in Duisburg-Hoch- 
feld-Siid in 1928. One brake lies at a 
short distance before the steep gradient 
in each of the three tracks (see figs. 30 
and 31). The regulation of the humping 
speed of the train to be shunted is effect- 
ed by braking the front part of the train 
by means of these rail brakes which are 


distantly controlied by the head shunter. ° 


The braking effort can be increased to 


such an extent that the train can be 
brought to a complete standstill. 
The operation is as follows : 


A train entering the reception sidings 
stops a short distance before entering the 
brakes whereupon the hand brakes of the 
first few wagons are put on and the va- 
cuum brake is released; the locomotive 
then moves off. 

The train remains in position whilst 
all preparations for the shunting are made 
(uncoupling the vacuum brake pipes, fill- 
ing in the cut cards, etc.) thereupon the 


‘train is allowed to enter the brakes slowly 


by slackening the hand brakes. 


The brake holds the train by means of 
the foremost wagons. Owing to the steep 
gradient of the reception sidings the wa- 
gons close up together and the buffer 
springs of the front wagons are com- 
pressed. When slackening the brake, the 
compressed buffer springs facilitate the 


initial movement of the train, and will 


accelerate the foremost wagons. If dur- 
ing shunting the brakes are tightened the 
main part of the train will again press 


on to the front buffer springs and a cer- 


tain amount of momentum is, so to speak, 
stored up. The couplings are always left 
loose so that the wagons can be uncoupled 
easily, without first having to loosen the 
couplings. 

The time required for shunting amounts 
to about 5 minutes for a train of 50 vehi- 
cles which is a great success in mechani- 
sation. 


The installation works perfectly; even 
after the trains have been left standing 
for several hours in very cold weather no 
difficulties have been experienced. The 
brakes at Duishurg-Hochfeld-Siid are 
weight-automatic brakes of the Thyssen- 
hiitte system. They are built in the same 
manner as the « valley brakes » of this 
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Zulaufbremsen 
Dursburg-Hochfeld-Stid 


Fig. 30. — Yard with brakes near the top of the hump at Duisburg-Hochfeld (Sid). 


Fig. 31. — View of yard with brakes near the top of the hump at Duisburg-Hochfeld (Sad). 
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type. The construction is more fully de- 
scribed under the head of rail brakes. 

The advantages obtained from rope 
shunting or with brakes at the top of the 
hump are the following : 


a) Cuts are made more rapidly through 
the exact regulation of the humping speed 
(control by the head shunjer) ; 

b) Continuous workings, e«mination of 
the loss of time between each train) ; 

c) Saving of brakesmen (2 to 3 brakes- 
men in each shift). 


IV. — Auxiliary means for regulating 
the shunting speed. 


The auxiliary means which have been 
used almost exclusively in German shunt- 
ing yards for regulating the speed of 
wagons are rail brakes which in most 
shunting yards have been designed as 
skid brakes (called « Biissing’s track 
brake ») and in mechanised yards as 
distance controlled brakes. 


A, — Skid brakes. 


The skid brake has been installed in 
many yards in front of the king point, in 
other yards behind the first and some- 
times still further back. The last men- 
tioned arrangement requires two or more 
brakes, but it has the advantage of making 
shunting proceed more smoothly because 
the braking is distributed over various 
places. Generally, however, the number 
of skid brakes is arranged so that each 
wagon during its travel through ~ the 
« danger zone » passes through one brake 
only. 

The skid brakes serve for keeping re- 
gular distance between cuts so that they 
may not catch one another up, as well as 
for preliminary braking so that it is 
easier to stop the wagons in the sorting 
sidings, 


It is a primary condition of the instal- 
lation that there should be ample braking 
travel available, so that cuts of several 
vehicles can likewise receive sufficient 
braking. 

The skid brakes consist of an ordinary 
skid and a throw-out device in the run- 
ning track (brake frog) with a catching 
device for the skids which have been 
thrown out (see figs. 32 and 33 a/b). 
The brakesman places the skid on the 
running rail — at a greater or lesser dis- 
tance according to the desired braking 
effect — from the throw-out device. One 


. wheel of the first axle of the wagon runs 


on to the skid from which result appro- 
ximately equal braking forces on each 
side of the wagon because the wheel oppo- 
site to the skid is held by the axle and 
in this manner also produces a braking 
force on the running rail. At the brake 
frog the skid is automatically thrown out. 
The entire braking force, 7. e. the sum of 
the braking forces on each side, is equal 
to about 0.15 of the axle load, therefore 
with a 2-axle wagon 0.075 of the weight 
of the wagon. In order to deal with a 
height of incline of 1 m. (3 ft. 3 3/8 in.) 
one requires therefore 13 to 14 m. (43 to 
46 feet) brake travel. With 4-axled wa- 
gons twice the distance is required. 
When braking large euts very consider- 
able brake travels are necessary according 
to the number in the cut and the weight 
of the leading wagon. Generally speak- 
ing, therefore, cuts of more than 6-axles 
should not be allowed to be humped 
without their brakes being manned. 
When the skid is properly applied, it 
forms, an entirely unobjectional adjunct 
in shunting operation. . 
Trials with exact calculations and meas- 
urements have shown accurately the 
effects of the skid. It has thus been 
ascertained that no undue strain is put 
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Fig. 34, — Baseler skid rail brake. 
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Fig. 35. 
Plan view of Baseler skid rail brake. 


on the wagons by skid braking. In 
order to soften the impact, instructions 
have been given slightly to increase the 
sole of the skid. By doing so the jamm- 
ing of the skid and consequent riding of 
the wheel over it are avoided. Further- 
more, instructions are given that the top 
surface should be greased in order to 
keep the braked axle revolving as long 
as possible and prevent the formation of 
flats on the skidless wheel. 

In order to look after the skid brakes 
when shunting proceeds at a good speed, 
the brakesman must be very skilful and 
experienced. His activity is rendered 
very much more difficult during rain 
and snowfall. 

Therefore, efforts have been made for 
a long time to arrange for the skid to 
be controlled from a distance. At the 
same time it is desired to accomplish a 
further advantage; the distance controlled 
skid brake should enable the skid to be 
withdrawn from under the wheel so that 


the braking can be interrupted in the 
event of the brake travel having been 
calculated too generously. 

At the Munich Exhibition of 1925 was 
shown the first experimental design of 
Dr. Baseler, the makers being Joseph 
Vogele A.-G., Mannheim. 

The provision of a special ramp for 
the wheel flange to ride on the skidless 
side was designed to have the effect that 
the braked wheel continues rolling as 
long as possible so that the skid may be 
extracted easily owing to combined fric- 
tion. The skid, which is carried in a 


ee special re-engaging rail, is brought back 


into its initial position after the interrup- 
tion of the braking (extraction of skid) 
by a rope actuated by a spring drum (see 
figs. 34 and 35). 

The plant has been experimentally in- 
stalled in the Munich-Laim yard, but at 
present it is not in action, as it has been 
found that the wheel cannot always be 
made to revolve. Special apparatus of 
greater power for the disengaging of the 
guide rail and the skid is to be provided 
for another experiment with this brake 
so that the skid can be disengaged from 
under a wheel even when not revolving. 

The Gesellschaft fiir Oberbauforschung, - 
Berlin, has suggested another solution — 
which represents an improvement on 
the design employed at the Lille (France) 
yard; this system, nevertheless, does not 
allow of a subsequent alteration of the 
brake travel once the process of braking 
has begun. 

In conclusion, it must still be mention- 
ed that ihe Thyssenhittte in Hamborn has 
likewise tried out an entirely new type 
which not only permits of the interrup- 
tion of the braking process, but will even 
permit its resumption when so interrupt- 
ed. One may therefore expect that the 
question of distance controlled skid brak- 
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ing will soon meet with a satisfactory 
solution. 


B. — Distance controlled rail brakes. 


The up-to-date means for regulating 
the speed of wagons running freely down 
a hump in hump yards having much traf- 
fic, is the distance controlled rail brake. 
It will always be suitable in places where 
there is frequent braking and where high 
speeds and considerable braking forces 
have to be dealt with. In yards of this 
kind the capital expenditure is also jus- 
tified. 

The brakesman is released from the 
troublesome attendance to hand operated 
skid brakes. He is given a control tower 
which allows of a good view and protects 
him from the weather. With the assis- 
tance of a simple control, he can brake 
every wagon and every group of wagons 
at will and he can considerably increase 
or reduce within wide limits the measure 
of braking during the braking itself. In 
short, he absolutely controls the running 
of the wagons. ; 

To Dr. Frélich belongs the credit of 
having invented the first practical rail 
brake. It is true that there existed a few 
preliminary experiments (Brosius, 1892; 
Willman, 1909; and Lohse, 1912) but 
they did not come to any practical result. 
Dr. Frélich thought out an ingenious 
principle of braking whereby the maxi- 
mum of the braking effort was made 
dependent on the weight of the truck. 
He published his idea as early as 1914. 
The Thyssenhiitte in Hamborn undertook 
the manufacture of the rail brake which 
was subsequently installed at several 
marshalling yards. The Transport Exhi- 
bition in Seddin near Berlin, in 1924, 
introduced the Jordan brake as a further 
novelty and at the Transport Exhibition 
in Munich, 1925, there was shown an 
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eddy-current brake. The Reichsbahn, in 
order to encourage development, is using 
all these three systems. 

At some of the marshalling yards only 
one rail brake has been built. It is placed 
near the winter hump at the end of the 
steep incline in front of the king point 
and it only serves for regulating the 
distance between cuts and for prelimin- 
ary braking. 

At other yards the rail brakes are 
placed after the king point so that in 
each group of tracks there is one rail 
brake. These rail brakes (valley brakes) 
serve for regulating the distance between 
cuts and simultaneously — with a few 
reservations already mentioned — for 
« distance braking » (braking so that the 
wagon will run a certain distance and 
stop). This method of installation has 
so far proved very satisfactory at high 
efficiency yards with suitable profiles 
and a favourable point layout. 

The Reichsbahn, on the recommenda- 
tion of the Studiengesellschaft fiir Ran- 
giertechnik (*) has issued certain Rules 
for the calculation and construction of me- 
chanical rail brakes. Some of these rules 
which are of fundamental importance 
may be briefly recapitulated : 


4. For calculating the braking effort 
a friction co-efficient of 0.1 between the 
wheel and the rail brake should be as- 
sumed. However, 30 % should be added 
to the brake length required, according 
to this reckoning, so that the braking 
effort will with certainty be reached even 
if for certain reasons (for instance greasy 


_tyres) the coefficient of friction should 


be very low. 


ee 

(1) The Studiengesellschaft is a body called 
junto being the General Manager of the Deut- 
sche Reichsbahn and consists of five represen- 
tatives each of the Reichsbahn, the interested 
industries, and railway experts. 
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2. The contact pressures must not put 
any material bending strain on the axles. 
On the rail brakes now in use two inner 
and two outer brake rails are arranged 
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Fig. 36«. - Profile of rail brake in the « off » position. 
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Fig. 366. - - Profile of rail brake in the « ready » position. 


Fig. 36c. — Profile of rail brake in the « on » position. 


which exert forces of equal strength so 
that, generally speaking, the bending 
effect of these forces is non-existent, but 
if the wheels gripped by the rail brake 
vary in thickness and the distance be- 
tween the inner faces of the wheels is 
different, bending stresses can occur 


nevertheless. The Studiengesellschaft fur 
Rangier Technik has established a for- 
mula which enables one to calculate with 
sufficient accuracy the pressure thus set 
up (Verkehrstechnische Woche, 1929, 


page 143). The greatest stress when con- 


ditions are most unfavourable must not 


exceed 1900 kgr. per em? (27000 lb. per 
sq. in.). 

3. The braking force should always be 
easily graduated and the time-lag of con- 
trol should be short, so that the brake 
pressure follows the control lever accur- 
ately. 


4. For the rail brakes there have been 
established special rail brake profiles 
inside which the various component parts 
of the brake must remain. The following 
distinctions are made : 


a) The profile in the off position; the 
line completely coincides with the lower 
profile line of the permanent way profile. 
All vehicles can pass the brake (see 
fig. 36a) ; 

b) Profile of the ready position of the 
brake : the portion above rail top is de- 
signed in such a manner that there still 
remains a clearance of 10 mm. (3/8 inch) 
between this profile and the wagon load- 
ing gauge. In this position wagons can 
pass through the brake without being 
braked (see fig. 36D) ; 

c) The profile of the on position : the 
upper limit lines coincide with the profile 
of the ready position; the remainder 
which would otherwise be fouled by the 
wheel may, however, be used for braking 
(see fig. 36c). 


5. One should endeavour to prevent 
automatically the possiblities of exceeding 
the highest admissible retardations. This 
retardation is at present fixed at 4.25 m. 
(43 ft..41 in.) sec? in order to prevent 
danger to the wagons and their contents. 


Fig. 37. — Marshalling yard at Hanm with four Thyssenhitte rail brakes. 


The development of rail brakes is still 
continuing, but it must be admitted that 
the rail brakes installed have already 
shown appreciable advantages, in parti- 
cular in those cases in which they have 
been correctly installed in track gradients 
and track layouts designed according to 
the laws of dynamics. Some advantages 
are: 


4, Greater safety for the staff; 

9. Protection of the staff from the 
severity of the weather; 

3. Reduction of damage to wagons; 

4, Increase in throughput (greater speed ; 
reduction of the time required for clos- 
ing up). 

We shall now proceed to a more detail- 


ed description of the three kinds of rail 
‘brakes. 


1. Rail brake, « Thyssenhiitte » type. 


The August Thyssenhiitte Gewerkschatft, 
Hamborn a/Rh. has developed the Frélich 
principle of the weight-automatic rail 
brake into the heavy and efficient « Thys- 
senhiitte » rail brake. The Reichsbahn 
first erected brakes of this type in 
Cologne-Nippes and Seddin as experi- 
ments. In these yards the brakes are 
placed in front of the foremost points and 
are used for interval braking and preli- 
minary braking. 

In the marshalling yards in Hamm 
(4 brakes each 19 m. [62 ft. 4 in.] long), 
at Duisburg-Hochfeld-Siid(3 hump brakes 
and 2 valley brakes each 15,m. [49 ft. 
2 1/2 in.] long), and at Bremen (4 brakes 
each'15 m. [49 ft. 2 1/2 in.] long), the 
latest types of these rail brakes were erect- 
ed in the central position and record 


figures for shunting were created. Fi- 
gure 37 shows the usual position of the 
valley brakes, approximately in the middle 
of the danger zone, i.e. behind the first 
points. With this arrangement the 
brakes are used for interval braking and 
final braking. The valley brakes were 
used at Hamm in October 1925, in Duis- 
burg-Hochfeld-Siid in March 1928 and in 
Bremen in October 1928. These brakes 
have been found absolutely perfect in 
operation. The height from the top of 
the hump to the middle of the brakes is 
2.90 m. (9 ft. 6 in.) at Hamm, 3.10 m. 
(40 ft. 2 in.) at Duisburg-Hochfeld-Siid, 
and 4.04 m. (43 ft. 3 in.) at Bremen (win- 


Fig. 38. — Theoretical diagram of Thyssenhiitte rail brake. 


ter hump). By means of these brakes 
the heaviest wagons and cuts of wagons of 
any length can be brought to a complete 
standstill. The brakes have ample dimen- 
sions. The speed at which the shunt can 
be made up to is 1.50 m. (4 ft. 14 in.) 
per’ second, which shows how successful 
the theory of shunting has been applied. 
The Thyssenhiitte brake is hydraulic- 
ally actuated. By the side of each run- 
ning rail there are brake rails which are 
fitted in cradles; the outer brake rails are 
fixed and the inner brake rails are sup- 
ported on springs and pivoted on bearings 
(see figs. 38 and 39). 
The cradles are movable and are sup- 
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ported on a horizontal girder which in the 
centre rests on the piston of a hydraulic 
cylinder to which it is flexibly joined. 
The girders which are placed at right 
angles to the brake axis at intervals of 
2.60 m. (8 ft. 6 in.) are lifted hydraulic- 
ally by water led through pipe lines. 
When the brake is lowered all vehicles can 
pass through it (see part I of theoretical 
sketch, fig. 38). In the « On » position 
provision is made for limiting the lift so 
that the profile of the « On » position is 
not exceeded (see part II of the theoretical 
sketch, fig. 38). 

The braking effort is produced by the 
wagon running on to the foot of the mov- 
able inner brake rail (see part Ila of the 
diagram, fig. 38) and by the weight of 
the wheel being wholly or partly convert- 
ed by the inclined position of the inner 
brake rails into a horizontal contact pres- 
sure of the brake rails against the wheels 
(see part III of the diagram, fig. 38). 
The contact pressure is limited whilst 
the vertical pressure (lifting force) 
which is controlled and which has been 
converted into a horizontal contact press- 
ure, can never become greater than the 
axle load of the vehicle. The control 
pressures exceeding this are taken up by 
lift stops, the wheel being slightly lifted 
from the running rails (see part IV of the 
diagram, fig. 38). 

In normal working the necessary brak- 
ing effort is obtained with pressures (lift- 
ing force) smaller than the axle load. 
The difference between the axle load and 
the lifting pressure is then taken up by 
the running rails. 

The rail brake is housed in an iron 
under-structure (see figs. 40 and 41) 
which renders concrete foundations un- 
necessary. The iron understructure which 
rests on sleepers and ballast, enables it to 
be speedily erected and thoroughly in- 
spected when in operation. 


Brake control is effected by actuating 
the control valve from the control tower 
(see figs. 42 and 43). Each brakesman 
can attend to two brakes. The hydraulic 
power is supplied by two motors for the 
pump and a water accumulator. 


9 Jordan rail brake. 


The Reichsbahn has experimentally 
installed two brakes of the Jordan Brake 
Co., Berlin-Neukélln, for « interval » and 
« preliminary » braking. In the marsh- 
alling yard at Wustermark near Berlin 
there is a rail brake 12 m. (39 ft. 4 1/2 
in.) long and at Arnsdorf near Liegnitz 
one of 16 m. (52 ft. 6 in.); the latter is in 
two halves and joined in the centre. Both 
brakes are situated on the winter hump. 

The rail brakes at Wustermark were 
put down in March 1926 and figure 44 
illustrates the position of the brake in 
front of the king point. 

The rail brake at Arnsdorf was put 
down in September 1927; figure 45 illus- 
trates the brake, the brake tower and the 
control tower. 

The height of the hump at Wustermark 
is about 3.90 m. (42 ft. 10 in.) and at 
Arnsdorf, 3.20 m. (10 ft. 6 in.). 

The Jordan rail brake is actuated by 
compressed air. On both sides of the 
running rail there are placed brake gir- 
ders which are carried on roller bearings 
by horizontally placed supporting girders. 
So that the brake may be lowered, the 
girders can slide vertically by means of 
movable frame construction on both sides, 
which are guided in a solid vertical frame 
and are supported on the rollers of the 
lifting rods. To each of the lifting rods, 
which are inter-connected by means of 
stays and levers, two lifting cylinders are 
connected by means of levers. 

Between the double channel bars of the 
horizontal supporting girders there are 
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Fig. 40. — Cross section of a Thyssenhiilte rail brake. 


arranged steel castings which guide the tion of which lever is changed by the 
brake girders and which are fitted with piston of the brake cylinder located under 
crank shafts. Each shaft is actuated by a each supporting girder. Altogether there 
lever keyed on the lower shaft, the posi- are thus arranged under each supporting 
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Fig. 44. — Laying down a Thyssenhiitte rail brake. 


girder 4 brake cylinders and figure 46 
shows a cross section through the rail 
brakes, whilst figure 47 shows the roller 
bearing of a brake girder. 

When in the « off » position any 
vehicle may pass over the brake without 
obstruction. 

When in the « on » position the brake 
rails are under a pressure which can be 
regulated. The wheels of the vehicles 
open the brake rails and in doing so are 
subjected to a contact pressure which 
varies with the amount of pressure ap- 
plied. An electric device is provided in 
order to prevent the wagons riding on 
the rails and becoming derailed, by means 
of a track circuit which releases the 


compressed air as soon as the wagon 
begins to ride the rails. 

Brake control is effected by actuating 
the control switch (control valve) from 
the brake tower (see fig. 48). The’ neces- 
sary compressed air is supplied by a com- 
pressor. 

The trials which have been made with 
the Jordan rail brake have shown that 
great braking forces can be produced 
with safety. The heavy rail brakes work 
very quietly. 

An absolutely efficient protection 
against the derailment of light vehicles 
which are subjected to very great braking 
forces however, has not yet been cbtain- 
ed by the electrical safety device. The 


Fiz. 43. — Operating stand of Thyssenhtitte rail brake. 


Fig. 44, — Jordan rail brake in Wustermark marshalling yard. 


Jordan Bremsen Gesellschaft has there- 
fore revised this type of brake and has 
brought out a weight-automatic brake 
which is controlled by compressed air; 
experiments with this brake in the form 
of a one-sided rail brake are to be made 
at Wustermark. 


3. Electro-magnetic brake. 


The first experimental type of electro- 
magnetic rail brake designed in accord- 
ance with the inventions of Dr. Baseler 
and Professor Thoma was shown at the 
Transport Exhibition in Munich. The 
experiments with this original exhibit as 
well as detailed calculations and experi- 
ments with models showed such favour- 
able results that the Reichsbahn decided 
on having a rail brake of this type con- 
structed. 


In the marshalling yard at Magdeburg- 
Buckau, the Gesellschaft fiir Oberbau- 
forschung, Berlin, installed a 12 m. (39 ft. 
4 1/2 in.) electro-magnetic rail brake (on 
the winter hump) for interval and ad- 
vance braking. It was laid down in De- 
cember 1928. Figure 49 shows the brake, 
situated underneath the bridge signal box; 
figure 50 gives a view of the shunting 
yard at the winter and summer humps 
with signal box (Br.) and brake tower 
(Blg.) ; figure 54 shows the brake in action. 

The movable brake rails of the electro- 
magnetic rail brake, which are parallel 
running poles, are joined to the pole rails 
of several electro-magnets (see figs. 52 
and 53). The running rail is made of 
non-magnetic non-wearing hard steel. 

The brake rails are composed of a num- 
ber of iron plates, steel pieces being fitted 
on the braking surfaces. They rest on 
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Fig. 45. — Jordan rail brake with control tower (brakes and points) in Arnsdorf marshalling yard, 


groups of iron plates loosely placéd side 
by side, so that the brake rails easily adapt 
themselves to tyres of varying thicknesses. 
The groups of plates form the connection 
between the brake rails and the electro- 
magnets below the running rails in the 
centre of which there is an exciting coil 
enclosed in a metal box which is made 
waterproof by welding and soldering; all 
spaces are filled up with insulating mate- 
rial. 

The magnetic flux passes from the poles 


of the magnetic cores to the plates and 
returns through the brake rails. The lines 
of force are then cut by the wheels of the 
vehicle(massive bodies of metal) and cause 
eddy currents. The latter produce a 
power component which acts contrary to 
the existing motion so that the eddy cur- 
rent results in a braking effect. By the 
consequent strengthening of the lines of 
force in such places where tyres are 
between the brake rails there also occurs 
a considerable increase in the magnetic 
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Fig. 46. — Cross section through Jordan rail brake. 


pressure and thus in the friction between 
the brake rail and tire. The braking 
effect is therefore composed of an eddy 
current braking effort and a friction 
braking effort. Of this braking effort 
9/3rds belong to the eddy current effect 
and 41/3rd to friction. The brake rails 
thus only suffer little wear. 

For the excitation ofthe brake direct 
current of 220 volts is required. When 
the circuit is closed the brake rails 
approach as far as a spring stop. The 
vehicle entering the brake opens the rails 
easily because the pressure remains very 
small whilst there is no wheel between 
them. 

The brake rails can be lowered to the 
« clear » position. - 

Control is exercised in the simplest 
manner by operating the regulator from 
the brake tower. 

The brake functions faultlessly; the 
working expenses (cost of current) with 
the existing design are rather high owing 
to the use of a rotary converter. The Fig. 48. — Operating stand of the Jordan rail brake. 
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Fig. 50. — Hlectro-magnetic rail brake and brake tower at Magdeburg-Buckau. 


Ce222 


Mids Ch hedlarkrhe 


os EEE LIL 


Fig. 53, — Longitudinal section through electro-magnetic rail brake. 


Fig. 55. — View of accelerator. 


height of the hump is 2.28 m. (7 ft. 6 in.). 
The braking power is sufficient. 


C. — Aceéelerating devices. 


As mentioned in an earlier section, the 
Reichsbahn has also experimented with 
an accelerating device which-is called the 
Pésentrup-Heinrich Accelerator after its 
inventors. 


and to add by additional acceleration the 


The object of this appliance is. 
to make a comparatively low hump suffice ~ 


kinetic energy which the bad runners 
need to make them pass through the dan- 
ger zone as quickly as the good runners. 

The first ‘experimental ° installation 
(length 7.50 m. [24 ft. 7 in.]) was made 
in 1924 at the marshalling yard of Seddin. 
A new installation (length 10 m. [32 ft. 
10 in.]) was opened in’ February 1929 at 
Osnabriick. 

The contractors were the Gesellschaft 
fiir Oberbauforschung, Berlin. 


Seep 
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a ate e 
¢ ae am = . Ree { , ns cag 
eae Fig. 56¢. — Driving axle of accelerator. in action’. 


The accelrator consists of a sledge 
which moves in between the rails: this 
sledge is driven by means of an end- 
less chain having an initial tension of 
about 1800 kgr. (3970 Ib.) (see figs. 54 
and 55). The sledge is guided by means 
of rollers on special rails and at its ex- 
tremities, close to the running rollers, 
carries gripping blocks which grip the 
flanges of the wheels (see figs. 56 a/b). 

The sledge thus exercises a pressure 
and pushes the wagons forward. The 
sledge returns to its « off » position 
(position of readiness) through a pit un- 
-derneath the track. On the return the 
gripping blocks carry the sledge because 
their direction’ of. rotation remains the 
same when running back. 

The accelerator has a control lever 
which automatically adapts the starting 
speed of the sledge to that of the wagon 


so that it makes contact with the wheels 
without shock (see fig. 57). 

The main drive has a Jordan slip-clutch, 
cil-cooled and actuated by compressed air. 

The installation is made about 10 m. 
(32 ft. 9 3/4 in.) below the top of the 
hump. Its maximum throughput corres- 
ponds to an additional incline of 2 m. 
(6 ft. 6 3/4 in.) for a 10-ton wagon. The 
maximum speed of the sledge amounts 
to 7 m. (28 feet) per'second. The duration 
of acceleration is 10 seconds. 

If the head shunter wishes to accelerate 
a wagon, lie first presses a « permissive 
key ». The control circuit is, however, 
only closed when one axle passes over a 
wheel contact. As soon as the sledge 
touches the flanges with its gripping rol- 
lers, the yard master can regulate the 
acceleration of the wagons within defined 
limits. 


Laufscvene far d. Laufrolle. 


Gleitbatken far d. Kette 


\ 


Fig. 56¢. — Cross section through driving axle. 


Japlanation of German. lerms: Vahrschiene = Track rail. — Gleitbalken fur d. Kette = Guiding 
beam for driving chain. — Laufrolle = Running roller. — Laufschiene fiir d: Laufrolle = Rail carry- 
ing running roller. — Treibachse = Driving axle. — Treibkette = Driving chain. — Treibrolle = 
Driving roller. 
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Fig. 57. — Control lever at front end of accelerator. 


The installation is still in the experi- 
mental stage and it is too early to arrive at 
a final opinion of its value. 

Similar drives are principally suitable 
in those cases where difficulty is met in 
increasing the height of humps and where 
the shunting speed has to be improved 
by additional machinery without consi- 
derable constructional alterations. In 
older yards where points are some dis- 
tance from the hump it will be possible to 
avoid the wagons stopping. a feature 
which during unfavourable weather con- 
ditions badly interferes with the shunt- 
ing operations. 


_\V. — Means for ensuring correct 
running of the wagons. 


A. — Means for informing the staff. 


For the purpose of giving reliable 
information to all the staff concerned 
with the shunting of the trains a shunting 
list is issued (see fig. 58). 

It consists of one or more cué cards 
which indicate the various cuts with the 
number of wagons and their destination 
sidings and an allocation list which, be- 
sides the number of wagons, mentions the 
number of the skid layer into whose area 
the wagon will come. 


J—25 


The object of the allocation lists is to 
determine into which skid layer areas the 
various cuts will arrive, and to release 
staff for other purposes by a special allo- 
cation of the wagons (so that special 
wagons and large cuts may be manned). 

The shunting lists are made up by a 
shunter and are confirmed by the head 
shunter who enters them up. It is mani- 
folded according to requirements. 

The shunting list contains all the infor- 
mation of importance for the shunt. For 
instance, special marks will indicate whe- 
ther trucks are empty or loaded, whether 
any dangerous wagons or particularly bad 
runners are included, and whether or not 
the wagons are equipped with serviceable 
hand brakes. 

The method of transmitting the lists to 
the staff concerned varies according to 
local conditions. 

The head shunter and the foreman of the 
skid layers in the direction sidings are 
given an allocation list, the other men 
(foremen, pointsmen, skid layers and 
driver of the humping locomotive) receive 
a shunting list. 

The foreman at the foot of the hump 
ascertains from the allocation list which 
orders he will have to give to the skid 
Javers. 

The pointsmen mark the cuts which do 
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ag) 10 Gul 578) 10 34 -: 13 10 31 
: 44 9 ® AT 14 9 ® 47 14 9 © 
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4 List of cuts. 


1 = | loaded wagon. 

11 = 2 loaded wagons (III=8 ete...). 
0 = 1 empty wagon. 
00 = 2 empty wagons (000 = 3 etc...). 
ip 
B 


(7) eut No. 7. 


} 
2 
1 loaded wagon (in front) and] empty wagon. 
Skid brake operator has to work the brake of 


XOX ux 


Allocation list. 


1 test wagon (Vorsichtswagen) (V V = 
Bad runner (Schlechtliiufer). 

lhand brake can be made use of (XX = 2 ete.) 
1 hand brake manned. 

Group of 4 wagons which have t run down 
separately, it being impossible to work the 
brake. 


2 ete,..). 


Hono wd 


Fig. 58. — Shunting list. 
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not concern their area beforehand, and 
during the shunt cancel the various cuts 
one by one. 


B. — Control towers. 


The control towers are of particular 
importance for observing the wagons 
during the shunt. 

Generally the point levers of the distri- 
bution points are brought together in 
groups and housed in control towers. As 
regards the method of doing this, various 
shunting yards differ considerably. 

With distant operation of the points by 
means of a wire or rodding, the number 
of levers to be operated by one man must 
not be too great on account of the close 
succession of wagons. Since it is further- 
more necessary that the pointsmen should 
be able to supervise their areas well, three 
or more control towers have in many cases 
heen provided for one hump yard. 

In other cases it has been considered 
inore convenient for the sake of easier 
communication and the hetter employment 
of the staff, to bring together all point 
levers in one control tower. This tower 
is usually built on raised ground so as to 
secure a good view. In misty weather 
(fog, etc.) the view, however, remains 
imperfect, particularly in the case of dis- 
tant points. Therefore in some cases the 
levers of the first points have been taken 
from the shunting control tower and 
allocated to the yard master on the hump. 
The advantage thereby is that the shunt- 
ing control tower is placed in a more 
favourable position as regards its points 
because it can be moved farther away 
from the hump. 

The -introduction of electrically-con- 
trolled points materially facilitated the 
grouping of the points in one shunting 
control tower. In a great many cases the 
control tower was placed on a- bridge 


a5" 


across the shunting tracks. This gave at 
the same time a good view. of the points 
in the reception sidings connected with 
the hump. For this reason they were 
included in the control tower with a con- 
sequent further economy in staff and a 
greater ease of co-operation. 

However, this arrangement is not entir- 
ely satisfactory. In misty weather the 
visibility is not sufficient because the dis- 
tance between the control tower and the 
farthest points is too great. In addition, 
the control tower on the bridge has an ad- 
verse effect because when the wind is 
unfavourable, it is deflected under the 
bridge and meets the descending wagon 
with increased force. This method has 
therefore been lately discarded, the design 
of automatic point operation having 
influenced the decision. 


Automatic point operating apparatus. 


Automatic point operating apparatus 
made it possible to control automatically 
the point operating gear. The point oper- 
ating gears are operated and controlled 
by the wagons — the point movements 
being prepared before the beginning of 
the shunt. 

In this way there were obtained, besides 
a number of advantages which will be 
explained later, two which signify distinc- 
tive progress : 

4. Point occupation was reduced to a 
minimum. 


2. It was now possible to place the point 
operating apparatus in its correct posi- 
tion, i. e., amongst the points it operated 
(see figs. 8, 15a and 37) because the 
points at the back of the point operator 
could be made automatic. 

The first attempt to produce such an 
installation was made in 1914. The basic 
idea of the first installation which Messrs. 
Siemens & Halske, Berlin, (S. & H.) built, 
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consisted in allocating to each track 
a series of relays connected by track cir- 
cuits fo the individual points. The wagon 
throws its points just before it passes over 
them. To the Allgemeine HElektrizitats 
Gesellschaft, Berlin (A.E.G.) belongs the 
credit of having demonstrated in a prac- 
tical manner the idea of storing up the 
point movements, 7. @., the setting up in 
advance of each route through which the 
train to be shunted had to pass. Siemens 
& Halske brought out another design soon 
afterwards. Both designs are now being 
manufactured by the Vereinigte Eisen- 
bahn Signalwerke, Ltd., Berlin-Siemens- 
stadt. 


The following advantages can be obtain- 
ed with automatic point operatiny appa- 
ratus : 


1. Grouping into routes: Instead of 
the many levers which are necessary for 
the operation of the point levers of an 
ordinary control tower for setting up a 
route, the operator now has to move only 
one handle for each cut in order to set 
the automatic points for that route. 


2. Setting of the points just before the 
train is shunted is no longer necessary : 
The moment at which the operation is 
carried out does not matter within certain 
limits, because the route is first stored up 
in a « collector drum ». This device 
allows all the routes — where automatic 
points are in use — to be set up in ad- 
vance before the -train commences: to be 
shunted. 


3. Automatic throwing of the ‘point : 
The « automatic points » are thrown 
whenever necessary by the wagons them- 
selves for which purpose quick operating 
point gears are in use. 

4, One-man operation: Besides gener- 
ally observing the shunting of the wagons 


the point operator has only to attend to 
the non-automatic points. If the sidings 
are well laid out 80 % of all point move- 
ments take place at the automatic points. . 
The operation of the points has therefore 
become simplified to such an extent that 
one man can attend to all the remaining 
points without difficulty. 


5. Convenient switch table: All the 
point switches are generally arranged on 
an inclined switch table in such a manner 
that the levers are within reach of the 
point operator without his having to 
move. The layout of the track is dia- 
grammatically reproduced on the switch 
table and the hand switches are placed at 
the points where the tracks diverge which 
makes it easy to locate them (see figs. 59, 
60 and 61). 

6. Observation by colour lights: A 
small lamp at each point switch indicates 
the occupation of the point so that the 
movements of the wagon can be followed 
on the switch table — apart from the fact 
that the wagons themselves can be seen. 


A. E. G. control tower. 


A collector drum actuated by a series of 
selector rods is provided for storing up 
the automatic setting and throwing of the 
points. The selector rods for each route 
are actuated by a lever from the switch 
table, and operate the collector drums. 
For each automatic point there is one 
collector drum (see fig. 62). 

The latter consists of a drum which 
stores up the point movements in advance 
and of a wheel which at the right moment 
actuates the movements of the point op- 
erating gear. Both drum and wheel are 
mounted on the same shaft, the wheel 
being inside the drum. 

_ Each wagon when passing over a point 
operates by means of an insulated rail and 
relay the corresponding collector drum 


Fig. 59. — Switchboard (A. E. G. type) at Hamm. 


whereby the point, after being released, 
automatically resets itself for the next 
wagon passing over it. If it is necessary 
for the point to be in the same position 
for the next cut no alterations will take 
place. 

The A.E.G. control apparatus is fitted at 
Hamm for 52 points of which 8 are auto- 
matic (laid down in November 1925); at 
Arnsdorf there are 30 points of which 
5 are automatic (laid down in August 
1927)and at Duisburg-Hochfeld-Siid there 
are 52 points of which 9 are automatic 
(laid.down in March 1928). At Oster- 
feld-Siid an apparatus of this type is now 
under construction (46 points of which 
8 are automalic). 


The S. & H. control apparatus. ~ 


The S. & H. control apparatus js elec- 
trically operated throughout. The prepa- 
ratory « impulses » are collected in a so- 


called « route collector » (see fig. 63). 
For each route the operator presses one 
key on the keyboard which has as many 
rows of key switches as there are impulses 
to be collected. Each of these key switches 
has as many keys as there are routes. 
This installation has the advantage that 
all impulses which have been collected 
remain visible so that a cut may be altered 
at any time before the vehicle passes over 
the insulated rail of the first point. The 
witching operations which become neces- 
sary when a wagon passes through the au- 
tomatic point zone ave begun by a « pitch 
switch » and are automatically completed 
by relays (magnetically controlled con- 
tacts). Each point has a switching device 
which is able to receive the impulse ne- 
cessary for an approaching wagon to set 
the point in the desired position and to 
transmit an impulse to the next point 
either directly or through an intermediate 
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Uberwacrungskimperen der Fahrreugbeweguig . F 
oy wat Hard gesteverte ‘ven, 
Five. 60 — Switchboard wiring diagram. 

Heplunation of German terms: Schalttafel = Switehboard. — Kuppel- und Widerrufschalter = 
Coupling and cancelling switch. Rangierzettel = Shunting list. — Schalthebel = Switch lever. 
abe dG alle = Route keys. — Uberwachungslimpchen der PFabrzeugbewegung = Control 
lamp of wagon movement. — Uberwachungslimpchen der Weic henlagen = Point occupation lamps. — 


\ntomatischgesteuerte = Automatic points. — Mit Hand gesteuerte Weichen = Hand worked points. 
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Sciistspriche 


Fig. 62. — Collector drum of automatic 
gravity shunting lower (A. E.G. system). 


switch. Therefore each wagon when 
passing over a point brings the next point 
into the desired position; the point can 
-only be thrown when it is not occupied. 

The S. & H. control apparatus has been 
fitted at Bremen for 44 points of which 
8 are automatic (laid down in 1928), and 
at Dittersbach tor 73 points of which 
T are automatic points (laid down in 
March 1928). 


- VI. — Means for closing up the 
~ wagons in the sorting sidings. 


The sorting sidings serve for the recep- 
tion of wagons and groups of wagons 
from the trains which have been split up 
in the shunting operations. The number 
of sidings differs in’ the various marshall- 
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“Fig. 63. — Collector drum of automatic gravity 
shunting tower (Siemens & Halske system). 


ing yards. As a rule it is determined by 
the number of destinations and the use 
for which the wagons of the shunted 
trains are intended. 

The sorting sidings have a length of 
400 to 800 m. (4342 to 2624 feet) or 
more. In the older yards they are fre- 
quently too short, the disadvantage of 
which becomes particularly noticeable 
when the trains depart directly from the 
sorting sidings. In more recent yards the 
sorting sidings have therefore beer made 
of greater length. 

On gravity shunting yards the sorting 
sidings have a continuous down gradient 
of about 1: 100. If the wagons do not 
immediately leave the sidings they are 
made up into larger groups and kept toge- 
ther by hand-braking a few of the wagons. 

In non-accelerating yards the sorting 
sidings are built with a slight down gra- 
dient of 1 ; 400 to 1: 800 or less. This 
incline tends to keep the wagons close 
together and so facilitates the coupling-up 
operation. 

For new installations it is advisable to 
choose a gradient according to cireum- 
stances. In the case of valley brakes for 
instance, which should not be placed too 
far from the sorting sidings (at the most 
about 100 m. (328 feet) and which have to 
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bring the wagons to a stop at the required 
distance, if it is necessary for all wagons 
to be brought to a-stop anywhere within 
a defined area of the sorting sidings (des- 
tination area) the most suitable profile for 
the sorting sidings must be determined 
according to the position of such « desti- 
nation area ». _ 

Should the sorting sidings commence 
only at a certain distance behind the last 
danger signal (signal showing to what 
extent the roads are occupied (for instance 
50 m. [164 feet] ) which, with sufficiently 
long sorting sidings and a high hump can 
be safely recommended, it appears expe- 
dient to carry the level portion which 
must begin soon after the valley brakes, 
up to this point. This layout increases 
the advantage which the level front area 
behind the brakes offers, i. e. wagons 
which have been braked for destination 
will run more uniformly because those 
which have been braked for a near desti- 
nation must still leave the brake at a 
comparatively high speed in order to 
arrive at their destination. 

However, a gradient of 1 : 500 to 1 : 350 
is advantageous in the sorting sidings 
because then the speed of a wagon braked 
for a far destination point need not be so 
much in excess of that of a wagon braked 
for a near destination, as would be the 
case when the sorting sidings are on the 
level. 

In the case where a large number of 
empty wagons must be handled and there 
is frequently a head wind, the incline may 
be greater than in the case where there 
are mainly heavy loaded wagons to be 
shunted with a following wind. 

The incline. must, however, not be so 
great that « destination | braking » becomes 
uncertain or that wagons begin to move 
by themselves. The last part of the sort- 
ing sidings should, for the sake of safety, 
be again on the level. 


When the wagons have come to a stand- 
still there will be spaces left between 
them. Even with the faultless « destina- 
tion braking » of modern plants these 
gaps cannot be avoided because the bra- 
kesmen cannot work so exactly that the 
buffers of one wagon shall only gently 
touch those of the preceding one. 

The wagons must, therefore, still be 
pushed together in order to be ready for 
coupling-up. The groups of wagons thus 
formed are either taken to the departure 
sidings (or to the station order sidings) 
or they depart directly from the destina- 
tion sidings as completed trains. 


- A high throughtput can only be attain- 
ed if the necessary shunting operations in 
the sorting sidings keep pace with the 
work done at the top of the hump. 


In the older installations with Jong 
point zones and comparatively low humps 
the wagons often stop too soon. The 
sorting ‘sidings therefore become full up 
in the front portion and operations must 
be interrupted. 

Generally, therefore, a locomotive com- 
ing from the direction of the hump, must, 
after one or two trains have been shunted, 
push the roads down. This has to be 
done on each track, takes up a consider- 
able amount of time and always means 
a great interruption in the shunting ope- 
rations. 

In the newer layouts with their compa- 
ratively good « destination braking » it is 
necessary for efficient shunting, to pnsh 
the roads down from time-to time. : 

When this becomes - necessary, the 
trains which leave the sorting sidings 
direct as completed trains are pushed toge- 
ther ready for coupling-np-in one opera- 
tion. With all other groups-of-trains.‘it. 
is generally sufficient to push the wagons 
only so far as it is necessary for shunting 
operations. The shunting engine which 
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Fig. 64. — Principle o! rope-winch (Baseler system). 


Eaplanation of German terms: Hilfseil = Auxiliary rope. —- Zugseil = Drag rope. — Control device of both 
winches. — Haupt und Hilfwinde = Main and auxiliary winch. 


draws these groups of trains out from the 
other end pushes the entire train together 
for coupling up. 

The customary method of pushing 
down the roads with a shunting locomo- 
tive always entails a loss of efficiency in 
the shunting operations which is still 
more apparent with old layouts than with 
up-to-date ones. 

Efforts are therefore now being made 
to devise some scheme to close the wagons 
up together ready for coupling-up with- 
out interfering with the shunting opera- 
tions, so that a high shunting throughput 
is obtained by really continuous working. 

In the past, two similar kinds of « clos- 
ing-up » devices have been in use in the 
sorting sidings.: ~ 

4, A rope winch. 

2. A pushing truck. 


Rope winch. 


A rope winch ( Baseler system) was put 
in operation at Munich-East in the month 
of March 1927; this was supplied by the 


firm of Ernst Heckel Gesellschaft fir 
Forderanlagen, Saarbriicken. 

Stationary engines are used as prime 
movers for the distant controlled trackless 
shunting winch ; one main winch (42 H.P.) 
with a tractive effort of 1500 ker. 
(3 307 lb.) at 0.40 m. (4 ft. 3 3/4 in.) per 
second rope speed, also one auxiliary 
winch (2 H.P.) and one winch gear 
(1.3 H.P.). The main rope and the auxi- 
liary rope are coupled and run in grooved 
rollers in a channel at right angles to the 
direction of the track in such a manner 
that the auxiliary rope brings the main 
rope to the desired position, where, after 
uncoupling, it is ready for use, The 
winch gear moves the winch drum when 
the drag rope is being drawn out. For 
20 sidings there are 11 double sided rope 
rollers with 44 push button controls. Each 
control is connected to the motors and 
control apparatus’ in the engine room. 
The working distance of the drag rope 
amounts, when twice drawn out, to about 
300 m. (984 feet) (see fig. 64). 

The drag ropes are drawn out by hand. 
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Fig. 65. 


The arrangement of placing the control 
apparatus and rope gear between every 
second track makes it possible to attach 
the drag rope to the wagons at any desir- 
ed spot without interfering with shunting 
operations. With an operating radius 
of 300 m. (984 feet) it is possible to keep 
the most important part of the sorting 
sidings 7. e., the part near the hump, Gees 
for shunting operations. 

The working speed is comparatively low 
and there are long intervals between the 
various operations. 

The plant is still in its experimental 
stage. 


— Pushing truck crossing shunting lines. 


Pushing truck. 


At Magdeburg- Rothensee there was put 
into operation in January 1928 a « push- 
ing truck » driven by accumulators and 
running on a narrow gauge track. The 
idea emanated from Mr. Leibbrand, Diree- 
tor of the Reichsbahn. The installation 
was made by the Reichsbahn District 
Administration at Magdeburg, and the 
suppliers of the truck were the Siemens- 
Schuckert Works in Berlin. 

There are 25 sorting sidings and be- 
tween every two tracks there is a narrow 
gauge track of 76 cm. (2 ft. 6 in.) gange; 
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in all there are 13 tracks of about 10-km. 
(6.2 miles) length. These tracks termin- 
ate in dead ends in the direction of the 
hump, whilst at the opposite end of the 
sidings they are joined together py 1: 7 
turn-outs and end in 2 tracks so that the 
truck can travel from one narrow gauge 
track to another : of course in doing so it 
erosses the sorting sidings. 

The truck is 6.37 m. long (20 ft. 10 in.), 
4.04 m. (3 ft. 5 in.) wide and 1.15 m. 
(3 ft. 9 1/4 in.) high, with a wheel dia- 
meter of 750 mm. (2 ft. 5 1/2 in.), total 
working weight 9.8 tons, with 2 direct- 
current motors of together 18 H.P. There 
are two accumulators. The speed of the 
truck when loaded is 6 km.(3.7 miles) per 
hour and when empty 14 km. (8.7 miles) 
per hour. As regards tractive effort, the 
truck develops 750 kgr. (1653 tb.) at 
6 km. (3.7 miles) per hour. When start- 
ing, up to 1750 kgr. (3 858 lb.) has been 
measured at the drawbar. With this, as 
- experiments have shown, loads of 150 to 
900 tons can be moved and moving loads 
up to 500 tons can be kept moving. Rach 
truck is manned by two men : one driver 
and one coupler (see fig. 65). 

The installation gives the advantage 
that the wagons which have been shunted 
can be closed up in the forward direction, 
ready for coupling, and the sorting sid- 
ings are kept clear at the hump end. The 
installation works well, the wagons can be 
dealt with carefully, and the number of 
wagons damaged in shunting has been 
materially reduced. 

A « pushing truck » is particularly suit- 
able for sorting sidings from which the 
trains depart direct, because in this case 
the wagons do not have to be moved by 
locomotive power from the time they are 
humped until their departure. 


ay 
* * 


In conclusion it should also be men- 


tioned that at the present time an experi 
ment with a trackless motor tractor in a 
small group of sidings is being proposed. 
The dimensions of the tractor will be 
small and kerbs will be provided on both 
sides of its path to prevent it fouling 
anything. 

Careful calculations by the Studienge- 
sellschaft fiir Rangiertechnik show that 
tractors with or without tracks can only 
claim to be an economical proposition 
when a large number of wagons has to be 
dealt with, but in these instances. they 
become an indispensable and economical 
auxiliary for increasing the efficiency of 
a marshalling yard. 


SUMMARY. 


4. There are two reasons which can 
justify the mechanisation of shunting 
yards : 

a) the desire to lessen the cost of the 
shunting operations; — 

b) the necessity for increasing the 
throughput. 

2. An increase in the throughput be- 
comes necessary : 

a) on account of an increase in traffic; 

b) when the work of the train-forma- 
tion must be concentrated. 

3. A very high throughput in a shunt- 
ing yard can only be obtained if : 

a) the trains can be shunted quickly; 

b) unavoidable delays are kept down to 
a minimum; 

c) the necessary shunting operations in 
the sorting sidings do not interfere with 
the main shunting operations. 


4, Trains can only be quickly shunted 
lies 
a) the hump is sufficiently high; 
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b) the profile of the gradient is suit- 
able; 

c) efficient rail brakes are used; 

d) the -position of the points is care- 
fully arranged; 

é) the period of point occupation is 
small; 

f) the humping speed can be exactly 
regulated. 


d. The following principles can, there- 
fore be applied to yards with a high 
throughput : 


a) The hump must be at least so high 
that a bad runner in unfavourable 
weather will run past the point zone, and 
will still run for a certain distance into 
the sorting sidings; : 

b) the gradient profile should begin 
with a steep incline, the drop of which 
should be about equal to one half the 
height of the hump, and should then 
pass into a smaller gradient. Thereafter 
the necessary gradient depends uvon the 
position and number of brakes. 

lf there is only one set of brakes, that is 
for « interval braking » and « distance 
braking » the point zone should be level 
between the brakes and the sorting sid- 
ings. 

If there are two sets of brakes one for 
« interval » braking and the other for 
« distance » braking, the point zone may 
be placed between the first and second set 
of brakes in a slight gradient correspond- 
ing to the running resistance of a good 
runner (track and curve resistance) ; 

c) the rail brakes must be efficient 
enough to give the necessary braking 
effort to all wagons and cuts of wagons 
which come along. In addition they must 
be able to be operated at a distance and 
also accurately; 

d) the points should be placed in such 
a manner that the point zone is as small 


as possible. The first point should be as 
near as possible to the top of the hump. 

The tracks should be so grouped to- 
gether that from each point the same 
number of tracks will branch off; 

e) In order to shorten the occupation 
time of the points : 

x) quick operating point operating gear 
should be used; 

@) the first points, which have to be 
thrown often, should be operated by the — 
wagons themselves; 

f) In order to be able to regulate the 
humping speed accurately, the yard mas- 
ter must : 

z) be able to enter into direct commu- 
nication with the driver of the humping 
engine, or 

©) he must be able actually to control 
the train himself; — 

g) In order to keep unavoidable inter- 
vals as short as possible the reception sid- 
ings should be so arranged that the next 
train can be prepared for the shunt and ~ 
can advance as far as the top of the hump 
whilst another train is still being shunted; 

h) Im order not to interfere with 
shunting operations through « closing up » 
in the sorting sidings, particularly effi- 
cient closing up engines will have to be - 
used. 

6. A real high-capacity yard can only 
be obtained if all the components are 
after careful calculation placed in proper 
relation to each other’as regards their rela- 
tive efficiency. 

7. An installation must be economic, 
i. @., its cost and its return must be in 
proper proportion to each other. It 
should only be built if a careful compa- 
rison of the annual expense with the eco- 
nomies to be obtained (working costs, 
upkeep, interest, amortisation and rene- 
wals) give definite promise of economic 
results. 


CURRENT PRACTICE. 


[621. 152.5 (42) & 621.132.8 (.42] 


High pressure locomotive 
with water tube boiler, London & North Eastern Railway. 


Figs. 1 to 4, pp. 370 und 371. 


This engine designed by Mr. H. N. 
Gresley, C. B. E., Chief Mechanical En- 
gineer, London & North Eastern Rail- 
way, was built at the Darlington Works 
of that Company, but the boiler was 
built by Messrs Yarrow & Co., Ltd, of 
Glasgow. 

As is well known, the ordinary type 
of boiler is not suitable for high press- 
ures; therefore in building a locomotive 
with 450-lb. per square inch boiler press- 
ure, it was essential to make a change 
in the type of boiler. 

Mr. Gresley, therefore, in conjunction 
with Mr. Harold Yarrow, got out a type 
of water tube boiler suitable for locomo- 
tives which has been patented in their 
two names. 

The boiler is built up with one steam 
drum 3 feet inside diameter by 27 ft. 
11 5/8 in. long, and two water drums on 
either side of the firebox, each 18 inches 
in diameter and 11 ft. 5/8 in. long, and 
two other drums under the forward part 
of the boiler each 19 inches in diameter 
and 13 ft. 5 3/4 in. long. The forward 
drums are connected to the steam drum 
by 444 2-inch tubes and 74 2 1/2-inch 
tubes. The drums at the side of the 
fire grate are connected to the steam 
drum by 238 2 1/2-inch tubes and there 
is a back screen of 12 2 1/2-inch tubes. 
All the drums are solid forged and ma- 
chined all over. 

The use of a pressure of 450 Ib. has 
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necessitated a complete change in all the 
ordinary boiler practices; special forms 
of safety valves, regulator, water gauge 
and injectors have had to be provided. 
The safety valves, relief valves, reduc- 
ing valves and regulators have been sup- 
plied by Messrs Cockburn & Co. of Glas- 
gow, who specialise in high pressure 
boiler mountings. The main regulator 
edmits high pressure steam to the high 
pressure steam chests, but to facilitate 
starting an additional supply of steam 
can be admitted through a small regula- 
tor, 1 inch in diameter, to the low press- 
ure steam chest, but this must be closed 
directly the engine has got way. In or- 
der to prevent too high a pressure in 
the low pressure steam chests a pop 
safety valve is fitted which blows off 
at 200 lb. pressure. 

For the auxiliary services such as the 
ejector, steam sanders, whistle, steam 
heater, injectors steam supplies, it will 
be noticed from the photograph (fig. 3) 
that there is a manifold above the fire- 
hole door from which the connection to 
the auxiliary services is taken. This 
manifold is supplied with steam by a 
reducing valve of Messrs Cockburn’s 
make which maintains the steam press- 
ure in the manifold to 200 lb. per square 
inch, 

There are two injectors fitted to the 
boiler, one high pressure injector sup- 
plied by Messrs Gresham & Graven, and 
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the other supplied with low pressure 
steam from the auxiliary steam mani- 
fold which was obtained from Messrs Da- 
vies & Metcalfe. : 

A special form of superheater has been 
fitted in the main flue on the boiler side 
of the regulator. The elements therefore 
are always under full steam pressure. 
The elements are connected to two for- 
ward headers located immediately in 
front of the water tubes. 

The boiler is of ample capacity to 
supply the needs of the locomotive and 
when tested at the makers’ works on a 
four hours’ test at 450 Ib. pressure gave 
an evaporation of 20 000 Ib. per hour. 

The combustion gases after passing 
between the tubes pass down each side of 
the boiler through two flues. There is 
an air space between those flues and 
the outer casing, and the air supply to 
the ashpan for combustion purposes is 
taken through this air space, the object 
being to preheat the air, also to prevent 
the outer casing of the boiler from becom- 
ing overheated. The intake is at the 
front of the smokebox through a large 
rectangular hole in the centre and two 
smaller rectangular holes one on each 
side, and the air supply to the ashpan 
is controlled by means of a damper; if 
necessary, cold air can be admitted to 
the ashpan through the front damper, 
but this damper is intended primarily 
for the removal of ashes, but it is ex- 
pected that sufficient preheated sir will 
be obtained lo meet the combustion tre- 
quirements, 

One of the difficulties in connection 
with the water tube boiler to be expect- 
ed will be due to the formation of scale, 
and in order to overcome this, the feed 
water is introduced in the forward por- 
tion of the steam drum where there are 
no water tubes. A weir extends across 
the bottom half of the drum at the back 
of this space over which all water which 
is supplied to the boiler for evaporation 
purposes has to pass. The feed water 


is delivered into the forward space by 
means of heater injectors which it is 
anticipated will raise the temperature of 
the water to something over 400° F. At 
such a temperature it is hoped that the 
greater part of the scale and impurities 
in the water will be thrown down in 
this space. ; 


Means are provided for blowing off 
scale or sludge in this forward portion 
of the boiler without interfering with the 
water in the evaporative portion of the 
boiler. 

The front end of the engine is of novel 
design which is necessitated by the fact 
that the boiler is built to the extreme 
limit of the gauge; therefore it is not 
possible to have a chimney of the ordi- 
nary pattern projecting above the top 
line of the boiler, 

Before arriving at the shape of the 
front end experiments were carried out 
at the City & Guilds Technical College 
in conjunction with Professor Dalby by 
having a wooden model of the engine 
in the wind flume through which air 
was passed at about 50 miles per hour, 
and powdered chalk was projected 
through the chimney. ‘The contour of 
the front of the smokebox has been so 
arranged that the steam and smoke es- 
caping from the chimney should be 
thrown upwards and not interfere with 
the driver’s vision from the cab. 


The engine is a four-cylinder com- 
pound, having two high pressure cylin- 
ders each 12 inches diameter and 
26 inches stroke, driving on the front 
coupled axle. 

These cylinders are placed very close 
together, being only 14-inch centres, the 
object of bringing them together being 
to have a large bearing for the axleboxes. 
This arrangement has necessitated the 
designing of a new form of crank with 
a single central web. 


The cylinders, steam chests and low 
pressure receiver are made of one steel 


casting, the cylinders being lined with 
a cast iron liner of a special composi- 
tion. 

The low pressure cylinders are situat- 
ed outside ithe frames and are standard 
with the cylinders used on the Pacific 
engines, being 20 inches in diameter by 
26 inches stroke. 

The connecting rods, coupling rods, 
ete., are standard with those used on the 
Pacifics. 

There are two sets of valve gear oper- 
ating the four valves. Walschaerts valve 
gear is fitted to the outside cylinders 
and the valves of the inside high press- 
ure cylinders are operated by means of 
rocking shafts. 

The inside arm of the rocking shaft 
is slotted and carries a die block to 
which the valve rod is attached. It is 
possible to vary the cut-off of the high 
pressure cylinders independent of that 
of the low pressure cylinders by raising 
or lowering the die block in the slot. 
This arrangement is novel and has been 
patented by Mr. Gresley. 

There are 2 sets of steam reversing 
gear, one to control the Walschaerts 
valve gear and the other to control and 


vary the cut-off of ‘the high pressure 
cylinders. 

The steam valves operating these re- 
versing gears are operated from the foot- 
plate by Telemotors. The cylinder 
cocks are also controlled by Telemotors 
made by Messrs McTaggart Scott, of 
Edinburgh. 

The trailing end of the engine is car- 
ried on two axles, the forward one being 
similar to that in the Pacific engine, hav- 
ing Cartazzi axleboxes, and the rear one 
fitted to a bissel truck with the centre 
located immediately on the front of the 
firebox. It was not possible to fit a 
bogie to the trailing end. 

The engine in working order weighs 
103 tons 12 cwt., and it is interesting to 
note that this actual weight varied 5 ewt. 
from the estimated weight before the en- 
gine was built. 

The engine has not been built in order 
to secure increased power or increased 
speed as compared with the Pacific en- 
gineS, the whole object of the introduc- 
tion of high pressure steam being to 
promote fuel economy. The engine is 
fitted with corridor tender of the stan- 
dard type used on Pacific engines. 


[ 628. 246 (49) ] 


London and North3Eastern Railway 
20-ton goods brake van with ferro-concrete body. 


Figs. 1 to 5, pp. 374 and 375. 


A goods brake van with a body con- 
structed of ferro-concrete has been turn- 
ed out from the London & North Eastern 
Railway Shops at Temple Mills, to the 
design of Mr. H. N. Gresley, the Chief 
Mechanical Engineer. 


Fig. 4. 


of construction in the London & North 
Eastern Railway Shops. The weight of 
the concrete is such that the full tare can 
be obtained without fitting the usual cast 
iron ballast weights. 

For the purpose of this experiment a 
standard steel underframe was used, cer- 


The usual wooden body has been re- 
placed by a structure of reinforced con- 
crete, the design of which was prepared 
in conjunction with Messrs K. Holst & 
Co., of Victoria Street, London, S. W., 
who have also carried out the actual work 


Fig. 2. 


tain of the main members being embrac- 
ed by the concrete floor to obviate the 
use of holding-down bolts. 

The standard body equipment has 
been provided, bolts for securing the 
fittings being anchored in the concrete. 

The initials « N E » and vehicle num- 


’ — 375 — 


Fig. 4. 


ber are moulded in the concrete and The five photographs show interior 
the whole of the body structure is fi- and exterior of van finished and during 
nished in the London & North Eastern construction. 

Railway standard colours, 


The London Midland and Scottish 
Railway vompany’s locomotive 


having a boiler pressure of 900 Ib. 
per square inch. 


Wig. 1, p. 376. 


Very interesting experiments are being 
carried out at the present time to make 
the steam locomotive definitely more effi- 
cient. In some of these, attempts are 
being made to extend the cycle at the low 
pressure end of the scale : this necessarily 
involves the use of the turbine with which 
alone is it possible to condense and as a 
consequence the use of the exhaust for 
creating the draught has to be abandoned. 
In the remainder the object is to improve 
the working efficiency by raising the ini- 
tial temperature and also the pressure 
much above present values, 

The locomotive illustrated belongs to 
the second group. It has been designed 
by Sir Henry Fowler, K. B. E., Chief Me- 
chanical Engineer of the London, Midland 
& Scottish Railway in collaboration with 
the « Superheater Company Limited », 
who are the licensees of the Schmidtsche 
Heissdampf Gesellschaft of Kassel. 

The locomotive is a three-cylinder com- 
pound, the single high pressure cylinder 
being supplied with steam at a pressure 
of 900 Ib. per square inch. 

The boiler is based on the Schmidt high 
pressure system and consists of three dis- 
tinct parts working at different pressures. 
The first forms a closed circuit consisting 
of water tubes forming the firebox. It 
contains pure (distilled) water and works 
at a pressure which may be as high as 
1400 to 1 800 tb. per square inch and ser- 
ves to convey the heat to the second part 
which forms the high pressure boiler, 
supplying steam to the high pressure cy- 
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linder. The second part consists of a 
nickel chrome steel drum not directly 
heated by the flames or hot gases. The 
third part consists of a cylindrical barrel 
with smoke tubes in the position occupied 
by the barrel of the usual design of boiler. 
It is designed for a pressure of 250 lb. 
per square inch. 

The low pressure boiler is fed by two 
injectors, one using live and the other 
exhaust steam. The high pressure drum 
is fed by a feed water pump taking water 
from the low pressure barrel. 

The steam from the high pressure boiler 
passes through superheater elements in 
the lower smoke tubes, that from the low 
pressure boiler through elements in the 
upper rows. 


Although working on a quite different 
principle, the locomotive has very much 
the same appearance as the usual locomo- 
tive, its outside lines being almost the 
same as those of the « Royal Scot ». 
The steam exhausted from the high pres- 
sure cylinder is mixed with steam at 
250 lb. per square inch from the low pres- 
sure boiler and is then used in the two 
low pressure cylinders. 

When the pressure in the 900-lb. per 
square inch boiler rises more quickly than 
the pressure in the low pressure boiler, 
steam from the former can be transferred 
to the latter. 

The trials with this locomotive will be 
carried out during 1930. 
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